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PEEFACE. 


Ix writing tliis book about Cravfislies it has not 
been my intention to compose a zoological mono- 
graph on that groiij) of animals. Snch a work, to 
bo worthy of tho name, would rocpiiro the devotion 
of j^oars of patient study to a mass of materials 
collected from many i)arts of the Avorld. I^or has 
it been my ambition to wi'ite a treatise upon 
oiu' English crayfish, which should in any way pro- 
voke comparison with tho memorable labours of 
Lyonet, Bojanus, or Strauss Durckheim, upon the 
willow caterpillar, tho tortoise, and the cockchafer. 
What I have had in view is a much humbler, though 
perhaps, in the present state of science, not less use- 
ful object. I have desired, in fact, to show how 
the careful study of one of the commonest and most 
insignificant of animals, leads us, step by step, from 
every-day knowledge to the widest generalizations 
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and the most difficult problems of zoology; and, 
indeed, of biological science in general. 

It is for this reason that I have termed the book 
an “Introduction to Zoology.” For, whoever will 
follow its pages, crayfish in hand, and will try to 
verify for himself the statements which it contains, 
will find himself brought face to face with all the 
great zoological questions which excite so lively an 
interest at the present day ; he Avill xmderstand the 
method by which alone we can hope to attain to 
satisfactory answers of these questions; and, finally, 
he will appreciate the justice of Diderot’s remark, 
“ II faut etre j)rofond dans Part ou dans la science 
pour en bien possdder les elements.” 

And .these benefits will accrue to the student 
whatever shortcomings and eiTors in the work itself 
may be made apparent by the process of verification. 

“ Common and lowly as most may think the cray- 
fish,” well says Koesel von Eosenhof, “ it is yet so 
full of wonders that the greatest naturalist may be 
puzzled to give a clear account of it.” But only 
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the broad facts of the case arc of fundamental im- 
portance; and, so far as these are concerned, I ven- 
ture to hope that no error has slipped into my 
statement of them. As for the details, it must bo 
remembered, not only that some omission or mis- 
take is almost unavoidable, but that new lights 
come "with new methods of investigation ; and that 
better modes of statement follow upon the improve- 
ment of our general views introduced by the gradual 
widening of our knowledge. 

I sincerely hope that sxicli amplifications and 
rectifications may speedily abound; and that this 
sketch may be the means of dii’eeting the attention of 
obseiTors in all parts of the world to the crayfishes. 
Combined efforts will soon furnish the answers to 
many questions which a single worker can merely 
state; and, by completing the history of one group 
of animals, secure the foundation of the whole 
of biological science. 

In the Appendix, I have added a few notes re- 
specting points of detail with which I thought it 
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unnecessary to burden the text; and, under the 
head of Bibliography, I have given some references 
to the literature of the subject -which may be useful 
to those who "wish to follow it out more fully. 

I am indebted to Mr. T. J. Parker, demonstrator 
of my biological class, for several anatomical diuAV- 
ings; and for valuable aid in supervising the 
execution of the woodcuts, and in seeing the work 
through th(! press. 

Ml’. Coopin’ has had charge of the illustrationSj 
and I am indebted to him and to Mr. Coombs, 
the accurate and' skilful di’aughtsman to whom 
the more difficult subjects were entrusted, for 
such excellent siiccimens of xylographic art as 
the figures of the Crab, Lobster, Eoijk Lobster, 
and Norway Lobster. 

T. H. H. 


London, 

Kovcvihcr^ 1S79. 
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THE CBAYFISH: 

AN INTEODUCTION TO THE STUDY OF ZOOLOGY. 


CHAPTEll I. 


TIII3 NATUIIAL IIISTOKY OP TIIK COMMON CRAYFISH 
(^AMacus fluvtfttilts . ) 

Many persons seem to believe that what is termed 
Science is of a widely difterent nature from ordinary 
knowledge, and that the methods by which scientific 
truths are asceilained involve mental operations of a 
recondite and mysterious nature, comprehensible only by 
the initiated, and as distinct in their character as in 
their subject matter, from the processes by which we 
discriminate between fact and fancy in ordinary life. 

But any one who looks into the matter attentively will 
soon perceive that there is no solid foundation for the 
belief that the realm of science is thus shut off from that 
of common sense ; or that the mode of investigation which 
yields such wonderful results to the scientific inves- 
tigator, is different in kind from that which is employed 
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for the commonest pnrj^oscs of everyday existence. 
Common sense is science exactly in so far as it fulfils 
the ideal of common sense ; that is, sees facts as they 
are, or, at any rate, without the distortion of prejudice, 
and reasons from them in accordance with the dictates 
of sound judgment. And science is simply common sense 
at its best ; that is, rigidly accurate in observation, and 
merciless to fiillacy in logic. 

"Whoso will question the validity of the conclusions of 
sound science, must be prepared to carry his scepticism 
a long way ; for it may be safely affirmed, that there is 
hardly any of those decisions of common sense on 
which men stake their all in practical life, which can 
justify itself so thoroughly on common sense principles, 
as the broad truths of science can be justified. 

The conclusion drawn from due consideration of the 
nature of the case is verified by historical inquiry ; and 
the historian of every science traces back its roots to the 
primary stock of common information possessed by all 
mankind. 

Ill its earliest development knowledge is self-sowm. 
Impressions force themselves uj)on men’s senses whether 
they will or not, and often against their will. The 
amount of interest which these impressions a^vaken is 
determined by the coarser pains and pleasures which 
they carry in their train, or by mere curiosity; and 
reason deals with the materials supplied to it as far as 
that interest carries it, and no farther. Such common 



COMMON KNOWLEDGE AND SCIENCE. 


3 


knowledge is rather brought tlian sought ; and such 
ratiocination is little more than the working of a blind 
intellectual instinct. 

It is only when the mind j)asses bc3^ond this condition 
that it begins to evolve science. When simple curiosity 
j)asses into the love of knowledge as such, and the 
gratification of the ffisthetic sense of the beauty of com- 
pleteness and accuracy seems more desirable than the 
easy indolence of ignorance ; when tlie finding out of 
the causes of things becomes a source of jo}’^, and he 
is counted happy who is successful in the search ; common 
knowledge of nature passes into wdiat our forefathers 
called Natural History, from whence there is but a step 
to that wdiich used to be termed Natural Philosophy, and 
now passes b}^ the name of Phj^sical Science. 

In this final stage of knowledge, the phenomena of 
nature are regarded as one continuous series of causes 
and effects ; and the ultimate object of science is to trace 
out that series, from the term which is nearest to us, to 
that wdiich is at the furthest limit accessible to our means 
of investigation. 

The course of nature as it is, as it has been, and as it 
will be, is the object of scientific inquiiy ; whatever lies 
be^’ond, above, or below this, is outside science. But 
the philosopher need not despair at the limitation of his 
field of labour : in relation to the human mind Nature is 
boundless; and, though nowhere inaccessible, she is 
everywhere unfathomable. 
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The Biological Sciences embody the great multitude 
of truths which have been ascertained respecting living 
beings ; and as there arc two chief kinds of living things, 
animals and plants, so Biology is, for convenience sake, 
divided into two main branches, Zoology and Botany. 

Each of these branches of Biolog}^ has passed through 
the three stages of development, which are common to 
all the sciences ; and, at the present lime, each is in these 
different stages in different minds. Every country boy 
possesses more or less information respecting the plants 
and animals wliich come under his notice, in the stage 
of common knowledge; a good many persons have 
acquired more or less of that accurate, but necessarily 
incomplete and unmethodised knowledge, which is under- 
stood by Natural Histoiy ; while a few have reached tlie 
purely scientific stage, and, as Zoologists and Botanists, 
strive tow^ards the x)eiiection of Biology as a branch of 
Physical Science. 

Historically, common knowledge is rej^resented by the 
allusions to animals and jdants in ancient literature ; 
wliile Natural Histoiy, more or less grading into Biolog}^ 
meets us in the w^orks of Aristotle, and his continuators 
in the Middle Ages, Ilondoletius, Aldrovandus, and their 
contemj)oraries and successors. But the conscious at- 
teiniit to construct a conqdete science of Biology hardly" 
dates further back than Treviranus and Lamarck, at 
the beginning of this century, w hile it has received its 
strongest impulse, in our own day, from Darwin. 
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My purpose, in the present work, is to exemplify the 
general truths respecting the development of zoological 
science which have just been stated by the study of a 
special case ; and, to this end, I have selected an animal, 
the Common Cra3^fish, which, taking it altogether, is 
better fitted for my iiurpose than any other. 

It is readily obtained,* and all the most important 
points of its construction are easil}’’ decix)hcred ; hence, 
those wlio read what follows 'will have no difficulty in 
ascertaining whether the statements correspond with facts 
or not. And unless my readers are prepared to take this 
much trouble, the}' may almost as w'ell shut the book ; 
for notliing is truer than Ilarve.y’s dictum, that those 
wiio read without acquiring distinct images of the things 
about which they read, by the help of their own senses, 
gather no real knowledge, but conceive mere phantoms 
and idola. 

It is a matter of common information that a number of 
our streams and rivulets harbour small animals, rarely 
more than three or four inches long, wiiich are ver}" similar 
to little lobsters, except that they are usually of a dull, 
greenish or brownish colour, generally diversified with 
pale Axilow' on the under side of the bod}^ and some- 
times with red on the limbs. In rare cases, their 

* If crayfish are not to be had, a lobster will be found to answer to 
the description of the former, in almost all jioints ; but the gills and 
the abdominal appendages present differences ; and the last thoracic 
somite is united with the rest in the lobster. (See Chap. V.) 
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general hue be red or blue. These are “ craj'- 
fishes,” and they cannot possibly be mistaken for any 
other inhabitants of our fresh waters. 



Fig. 1 . — Aiifncvii JlurmlUh . — Side view of a male Bpecimen fnat. size) : — 
Iffy branchiostegite ; eg, cervical groove ; r, rostrum ; f, tclson. — 
], e3’C-stallv ; 2, antennule ; 3, antenna ; external maxillipede ; 
10, forceps; 14, last ambulatory leg; 17, third abdominal ap- 
pendage ; 20, lateral lobe of the tail-fin, or sixth abdominal 
appendage ; xv, the first ; and xx, the last abdominal somite. 
In this and in succeeding figures the numbers of the somites are 
given in Roman, those of the appendages in ordinary numerals. 


The iiiiimals may he seen walking along the bottom 
of the shallow waters which they prefer, b}' means of four 
pairs of jointed legs (fig. 1) ; but, if alarmed, they swim 
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backwards with rapid jerks, propelled by the strokes of a 
broad, fan-shaped flipper, which terminates the hinder 
end of the body (fig. 1, t, 20). In front of the four pairs 
of legs, which are used in walking, there is a of 
limbs of a much more massive cliaracter, each of which 
ends in two claws disposed in such a manner as to 
constitute a powerful pincer (fig. 1; 10). These 
claws are tlie chief weapons of offence and defence 
>f the crayfish, and those who handle them incautiously 
will discover that their grip is by no means to be des- 
pised, and indicates a good deal of disi)osable energy. 
A sort of shield covers the front jjart of the body, 
and ends in a shar]> projecting spine in the middle 
line (7*). Qn each side of this is an eye, mounted on a 
movable stalk (i), which can bo turned in any direction : 
behind the eyes follow two psiirs of feelers ; in one of 
these, the feeler ends in two, short, jointed filaments {2) : 
while, in the other, it terminates in a single, many-jointed 
filament, like a whip-lash, which is more than half the 
length of the body (5). Sometimes turned backwards, 
sometimes sweeping forwards, these long feelers con- 
tinually explore a considerable area around the body of 
the crayfish. 

If a number of crayfishes, of about the same size, are 
compared together, it will easily be seen that they fall 
into two sets ; the jointed tail being much broader, 
csiDeciallj?- in the middle, in the one set than in the 
other (fig. 2). The broad-tailed crayfishes are the 
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females, the others the males. And the latter may 
be still more easily known by the possession of four 
curved styles, attached to the under face of the first 
two rings of the tail, which are turned forwards between 
the hinder legs, on the under side of the body (fig. 3, A; 
15 , 10 ). In the female, there are mere soft filaments in 
the place of the first pair of st 3 des (fig. 3, B ; 15 ). 

Crayfishes do not inhabit eveiy British river, and even 
where they are known to abound, it is not eas}'^ to find 
them at all times of the year. In granite districts and 
others, in which the soil jdelds little or no calcareous 
matter to the waters which flow over it, craj’^fishes do 
not occur. They are intolerant of great heat and of 
much sunshine ; they are therefore most active towards 
the evening, while the}^ shelter themselves under the 
shade of stones and banks during the day. It has been 
observed that the}’’ frequent those paris of a river which 
run north and south, less than those which have an 
easterly and westerly direction, inasmuch as the latter 
yield more shade from the mid-day sun. 

During the depth of -winter, crayfishes are rarely to 
be seen about in a stream ; but they may be found 
in abundance in its banks, in natural crevices and in 
burrows which they dig for themselves. The burrows 
may be from a few inches to more than a yard deep, 
and it has been noticed that, if the Avaters are liable 
to freeze, the burrows are deeper and further from 
the surface than otherwise. Where the soil, through 
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which a stream haunted by crayfishes runs, is soft 
and peaty, the craj^fishes 'work their way into it in all 
directions, and thousands of them, of all sizes, may he 
dug out, even at a considerable distance from the banks. 

It does not appear that craj’fishes fall into a state of 
torpor in the winter, and thus ^‘hyhernate” in the strict 
sense of the word. At any rate, so long as the weather 
is open, the crayfish lies at the mouth of his burrow, 
barring the entrance with his great claws, and with pro- 
truded feelers keeps careful watch on the passers-by. 
Larvae of insects, 'water- snails, tadpoles, or frogs, wliieli 
come within reach, are suddenly seized and devoured, 
and it is averred that the water-rat is liable to the same 
fate. Passing too near the fatal den, possibly in search 
of a stray crayfish, whose flavour he highly appreciates, 
the vole is himself seized and held till he is sufibcated, 
when his cai)tor easily reverses the conditit)ns of the anti- 
cipated meal. 

In fact, few things in the wa^" of food are amiss to 
the crayfish; living or dead, fresh or carrion, animal or 
vegetable, it is all one. Calcareous plants, such as the 
stoneworts {Chara), are highly acce2)table ; so are aii}^ kinds 
of succulent roots, such as carrots ; and it is said that 
crayfish sometimes make short excursions inland, in 
search of vegetable food. Snails are devoured, shells 
and all ; the cast coats of other crayfish are turned to 
account as supplies of needful calcareous matter ; and 
the unprotected or weakl}" member of the family is 
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not siiared. Crayfishes, in fact, are guilty of canni- 
balism in its y orst form ; and a French observer pa- 
thetically remarks, that, under certain circumstances, 
the males ‘‘ mcconnaissent les xtlm saints devoirs ; ’’ and, 
not content v\’ith mutilating or killing their spouses, 
after the fashion of animals of higher moral pretensions, 
they descend to the lowest depths of utilitarian turpitude, 
and finish by eating them. 

In the depth of winter, however, the most alert of 
-crayfish can find little enough food ; and hence, when 
they emerge from their hiding-places in the first warm 
da3^s of spring, usually about March, the crayfishes ai*e in 
poor condition. 

At this time, the females are found to be laden with 
eggs, of which from one to tw-o hundred are attached be- 
neath the tail, and look like a mass of minute berries 
<fig. 3, B). In Ma}’^ or June, these eggs are hatched, and 
give rise to minute young, w^hich are sometimes to be 
found attached beneath the tail of tlie mother, under 
whose protection they spend the first few days of their 
existence. 

In this comitry, we do not set much store upon cray- 
fishes as an article of food, but on the Continent, and 
especially in France, the}" are in great request. Paris 
alone', with its tw"o millions of inhabitants, consumes 
annually from five to six millions of crayfishes, and pays 
about c4'16,000 for them. The natural productivity of the 
rivers of France has long been inadequate to supply the 
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demand for these delicacies ; and hence, not only are large 
quantities imported from Germany, and elsewhere, but 
the artificial cultivation of crayfish has been successfully 
attempted on a considerable scale. 

Crayfishes are caught in various ways ; sometimes the 
fisherman simply wades in the water and drags them out 
of their burrows ; more commonly, hoop-nets baited with 
frogs are let down into the water and rapidly drawn up, 
when there is reason to thiidc that crayfish have been 
attracted to the bait ; or fires are lighted on the banks at 
night, and tlie crayfish, which are attracted, like moths, 
to the unwonted illumination, are scoojied out with the 
hand or with nets. 

Thus far, our information respecting the crayfish is 
such as would be forced upon aii^^one who dealt in cray- 
fishes, or lived in a district in which they were commonly 
used for food. It is common knowledge. Let us now 
try to push our acquaintance with what is to be learned 
about the animal a little further, so as to be able to give 
an account of its Natural History, such as might have 
been furnished by Buffon if he had dealt with the subject. 

There is an inquiry which does not strictly lie 
within the province of physical science, and yet suggests 
itself naturally enough at the outset of a natural history. 

The animal we are considering has two names, 
one common, Crai/ftsh, the other technical, Astacus Jiu- 
viatilis. How has it come by these two names, and why. 
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having a common English name for it alrenxl}^ should 
naturalists call it by another apj)ellation derived from a 
foreign tongue ? 

The origin of the common name, crayfish,” involves 
some curious questions of etymology, and indeed, of his- 
tory. It miglit readily be supposed that the word “cray” 
had a meaning of its own, and qualified the substantive 
‘‘fish” — as “jelly ” and “cod” in “jellyfish” and “codfish.” 
But this certainly is not the case. Tlie old English 
method of writing the word was “ crevis ” or “ crevice.” 
and the “cray” is simply a phonetic spelling of the syl- 
lable “ere,” in which the “e** was formerly i)ronounccd 
as all the world, except ourselves, now pronounce that 
vowel. While “ fish ” is the “ vis ” insensibly modified 
to suit our knowledge of the thing as an aquatic 
animal. 

Now “ crevis ” is clearly one of two things. Either it 
is a modification of the French name “ ccrevisse,” or of 
the Low Dutch name “ crevik,” by which the crayfish is 
known in these languages. The former derivation is that 
usually giv-en, and, if it be correct, we must refer “cray- 
fish” to the same category as “mutton,” “beef,” and 
“ pork,” all of which are French equivalents, introduced 
by the Normans, for the “sheep’s flesh,” “ox flesh,” and 
“ swine’s flesh,” of their English subjects. In this case, 
we should not have called a crayfish, a crayfish, except 
for the Norman conquest. 

On the other hand, if “ crevik” is the source of our 
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word, it may have come to us straight from the Angle 
and Saxon contingent of our mixed ancestry. 

As to the origin of the technical name ; doraKos, astakos, 
was the name by which the Greeks knew the lobster ; and 
it has been handed down to us in the works of Aristotle, 
who does not seem to have taken any special notice of the 
crayfish. At the revival of learning, the early naturalists 
noted the close general similarity between the lobster and 
the cra3"fish ; but, as the hitter lives in fresh water, while 
the former is a marine animal, they called the craj^fish, 
in their Latin, Astacus fluvlatilis, or the “river-lobster,” 
b}^ way of distinction ; and this nomenclature was re- 
tained until, about forty-five ^^ears ago, an eminent 
French Naturalist, M. Milne-Edwards, iminted out that 
there are far more extensive difierences between lobsters 
and craj'fish than had been supposed ; and that it would 
be advisable to mark the distinctness of the things by 
a corresponding difierence in their names. Leaving 
Astacus for the crayfishes, he proposed to change the 
technical name of the lobster into Ilomariis, by latin- 
ising the old Frencli name “ OmaVy' or “ Ilomar ” (now 
Ilomard), for that animal. 

At the present time, therefore, while the recognised 
technical name of the cra}"fish is Astacus Jiariatilisy that of 
the lobster is llomanis vulgaris. And as this nomencla- 
ture is generally received, it is desirable that it should not 
be altered ; though it is attended by the inconvenience, 
that AstacuSy as we now employ the name, does not 
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denote that which the Greeks, ancient and modern, 
signify, by its original, astakos ; and does signify 
something quite difierent. 

Finally, as to why it is needful to have two names 
for the same thing, one vernacular, and one technical. 
Manj’^ people imagine that scientific terminology is a 
needless burden imposed upon the novice, and ask us 
why we cannot be content with plain English. In reply, 
I would suggest to such an objector to 02)en a conversation 
about his own business 'with a carpenter, or an engineer, 
or, still better, with a sailor, and try ho\v far plain 
English will go. The intervie'w will not have lasted long 
before he will find himself lost in a maze of unintelligible 
technicalities. Every calling has its technical termin- 
ology ; and every artisan uses terms of art, which sound 
like gibberish to those who kno'sv nothing of the art, but 
are exceedingly convenient to those who i^ractise it. 

In fact, eveiy art is full of conceptions 'v\diich are 
special to itself ; and, as the use of language is to convey 
our conceptions to one another, language must supply 
signs for those conceptions. There are two 'ways of 
doing this : either existing signs may be combined in 
loose and cumbrous periphrases; or new signs, having 
a well-understood and definite signification, may be in- 
vented. The practice of sensible peoide shows the 
advantage of the latter course ; and here, as else'v\diere, 
science has simply foUow^ed and imiiroved upon common 


sense. 
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Moreover, while English, French, German, and Italian 
artisans are under no particular necessity to discuss 
the iDrocesses and results of their business with one 
another, science is cosmopolitan, and the difficulties of 
the study of Zoology would be prodigiously increased, if 
Zoologists of different nationalities used difi’crent tech- 
nical terms for the same thing. They need a universal 
language ; and it has been found convenient that the lan- 
guage shall be the Latin in form, and Latin or Greek in 
origin. AYhat in English is Crayfish, is Ecrevisse in 
French; Fliisshrchn^ in German; Camrnaro^ or Gamhnro, 
or Gcmmarello, in Italian : but the Zoologist of eacdi 
nationality knows that, in the scientific works of all the 
rest, he shall find what he wants to read under the head 
of Astacus fiiiviatills. 

But granting the expediency of a technical name for 
the Crayfish, why should that name be double ? The 
reply is still, practical convenience. If there are ten 
children of one family, w^e do not call them all Smith, 
because such a procedure would not help us to dis- 
tinguish one from the other ; nor do we call them 
simply John, James, Peter, William, and so on, for 
that -would not help us to identify them as of one family. 
So we give them all two names, one indicating their 
close relation, and the other their sei)arate individuality 
— as John Smith, James Smith, Peter Smith, William 
Smith, &c. The same thing is done in Zoology ; only, 
in accordance with the genius of the Latin language. 
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we put the Christian name, so to speak, after the sur- 
name. 

There are a number of kinds of Crayfish, so similar 
to one another that they bear the common surname of 
Astacxis. One kind, b}’' way of distinction, is called 
fiuviatile, another slender-handed, another Daiiric, from 
the region in which it lives ; and these double names are 
rendered by — Astaciis Jimnatilis, Astacus IcptodacUjlus, 
Astacus danriciLS ; and thus we have a nomenclature 
which is exceedingl3^ simple in principle, and free from 
confusion in jn-actice. And I may add that, the less 
attention is i^aid to the original meaning of the sub- 
stantive and adjective terms of this binomial nomen- 
clature, and the sooner the,y are used as proper names, 
the better. Veiy good reasons for using a term may 
exist when it is first invented, which lose their validity 
with the progress of knowledge. Thus Astacus jiuviatilis 
was a significant name so long as we knew of only one 
kind of crayfish ; but now that we are acquainted with a 
number of kinds, all of which inhabit rivers, it is meaning- 
less. Nevertheless, as changing it would involve endless 
confusion, and the object of nomenclature is simpl}^ to 
have a definite name for a definite thing, nobody dreams 
of proposing to alter it. 


Having learned this much about the origin of the 
names of the crayfish, we may next proceed to consider 
those points which an observant Naturalist, who did not 
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care to go far beyond the surface of things, would find to 
notice in the animal itself. 

Probably the most conspicuous peculiarity of the cray- 
fish, to any one who is familiar only with the higher 
animals, is the fact that the hard parts of the body are 
outside and the soft i)arts inside ; whereas in ourselves, 
and in the ordinary domestic animals, the hard parts, or 
bones, which constitute the skeleton, are inside, and the 
soft parts clothe them. Hence, while our hard framcworlc 
is said to be an cndosheleton, or internal skeleton ; tliat 
of the crayfish is termed an exoskcletony or external 
skeleton. It is from the circumstance that the body of 
the crayfishes is enveloped in tliis hard crust, that 
the name of Crustacea is ajiplicd to them, along witli 
the crabs, shrimps, and other such animals. In.sects, 
spiders, and centi^^edes have also a hard exoskeleton, 
but it is usually not so hard and thick as in the 
Crustacea. 

If a piece of the crayfish’s skeleton is ifiaced in strong 
vinegar, abundant bubbles of carbonic acid gas are given 
off from it, and it rapidly becomes converted into a soft 
laminated membrane, while the solution will be found to 
contain lime. In fact the exoskeleton is composed of 
a peculiar animal matter, so much impregnated with 
carbonate and phosphate of lime that it becomes dense 
and hard. 

It will be observed that the bod}^ of the crayfish is 
naturally marked out into several distinct regions. There 




Fig. 2.— Dorsal or tergal views (nat. size). A, male; 
B, female branchio-cardiac groove, which marks the boun- 

dary between the pericardial and the branchial cavities ; cg^ cervical 
groove ; these letters are placed on the carapace ; r, rostrum ; f, t\ 
the two divisions of the telson ; i, eye-stalks ; antennules ; 3, 
antennae ; 30, lateral lobes of tail-fin ; xv-xx, somites of the 
abdomen. 
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is a firm and solid front part, covered by a large con- 
tinuous shield, which is called the carapace ; and a jointed 
hind part, commonly termed the tail (fig. 2). From 
the perception of a partially real, and partially fanciful, 
analogy with the regions into w'hich the body is divided 
in the higher animals, the fore part is termed the cepha- 
lo-thorax, or head (cephalon) and chest {thorax) com- 
bined, while the hinder part receives the name of 
ahdomm. 

Now the exoskeleton is not of the same constitution 
throughout these regions. The abdomen, for example, 
is comi)osed of six complete hard rings (fig. 2, xv-xx), 
and a terminal flap, on the under side of which the 
vent (fig. 3, a) is situated, and which is called the tchon 
(fig. 2, t, t'). All these are freely moveable upon one 
another, inasmuch as the exoskeleton which connects 
them is not calcified, but is, for the most i:)art, soft and 
flexible, like the hard exoskeleton when the lime salts 
have been removed by acid. The mechanism of the joints 
will have to be attentively considered bj’^-and-b}’^; it is 
sufficient, at present, to remark that, wherever a joint 
exists, it is produced in the same fashion, by the exo- 
skeleton remaining soft in certain regions of the jointed 
part. 

The carapace is not jointed ; but a transverse groove is 
observed about the middle of it, the ends of which run 
down on the sides and then turn forwards (figs. 1 and 2, 
eg). This is called the cervical groove, and it marks off 
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the region of the head, in front, from that of the thorax 
behind. 

The thorax seems at first not to be jointed at all ; but 
if its under, or what is better called its sternal, surface is 
examined carefully, it will be found to be divided into as 
many transverse bands, or segments, as there are pairs of 
legs (fig. 3) ; and, moreover, the hindermost of these 
segments is not firmly united with the rest, but can be 
moved backwards and forwards through a small space 
<fig. 3, B ; xiv). 

Attached to the sternal side of every ring of the abdomen 
of the female there is a pair of limbs, called swinnnerets. 
In the five anterior rings, these are small and slender 
(fig. 3, B; 15, 19); but those of the sixth ring are very 
large, and each ends in two broad plates {20). These 
two plates on each side, with tlie telson in the middle, 
constitute the flai)per of the cra3"fish, by tlie aid of which 
it executes its retrograde swimming movements. The 
small swimmerets move together with a regular swing, 
like paddles, and probably aid in propelling the animal 
forwards. In the breeding female (B), the eggs are 
attached to them ; while, in tlie male, the two anterior 
pairs (A; 15,16) are converted into the peculiar styles 
which distinguish that sex. 

The four pairs of legs which are employed for walking 
purposes, are divided into a number of joints, and the 
foremost two pairs are terminated by double claws, 
arranged so as to, form a j)incer, whence they are said to 




Fig. 2. — Astacv<ffj(riatnh. — Yiiiitral or sternal views (r.at. size). A, ninlii ; B, fumalc : — 
re, vent ; c/ff, opening of the green gland ; Zh, lahriiiu ; onf, inetastoiua or lower 
lip ; Of?, opening of the oviduct ; ril, that of the vas deferens. J, eye-stalk ; S, 
antcnnulc ; S, antenna : 4, niandilde ; S, second mnxilliperle ; thlnl or external 
niaxillii>ede ; 10, forceps ; 11, tirst leg ; J4, fourth leg ; 1,% in, 10, SO, tir.st, second, 
lifth, and sixth abdominal appendages; x., xt., xiv., sterna <if the fourth, fifth, 
and eighth thoracic, somite ; xvi., sternum of the second abdominal somite. In the 
male, the ‘.)th to the 14th and the 10th to the 19th appendages are rcmovcfl on 
the animal’s left side : in the female, tJie antenna (with the exj^eption of its basal 
joint) and the 5th to the 14th appendages on the animal’s right are j’euiovcd ; the 
eggs also are shown attached to the swimmerets of the left side of the body. 
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be chelate. The two hindermost pairs, on the other 
hand, end in simple claws. 

In front of these legs, come the great prehensile 
limbs (10), which are chelate, like those which im- 
mediately follow them, but vastly lai’ger. They often 
receive the special name of cltelce ; and the large terminal 
joints are called the “ hand.” We shall escape confusion 
if we call these limbs the forceps, and restrict the name 
oi chela to the two terminal joints. 

All the limbs hitherto mentioned subserve locomotion 
and prehension in various degrees. The crayfish swims 
by the help of its abdomen, and the hinder pairs of ab- 
dominal limbs ; walks by means of the four hinder pairs 
of thoracic limbs ; lays hold of an}i;hing to fix itself, or 
to assist in climbing, by the two chelate anterior pairs of 
these limbs, which are also employed in tearing the food 
seized by the forceps and conveying it to the mouth; 
while it seizes its prey and defends itself with the forceps. 
The part which each of these limbs plays is termed its 
function, and it is said to be the organ of that function ; 
so that all these limbs may be said to be organs of the 
functions of locomotion, of offence and defence. 

In front of the forceps, there is a pair of limbs which 
have a different character, and take a different direction 
from any of the foregoing (P). These limbs, in fact, are 
turned directlj'- forwards, jiarallel with one another, and 
with the middle line of the body. Tliey are divided into 
a number of joints, of which one of those near the base 
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is longer than the rest, and strongly toothed along the 
inner edge, or that which is turned towards its fellow. 
It is obvious that these two limbs are well adapted to 
crush and tear whatever comes between them, and they 
are, in fact, jaws or organs of manducation. At the same 
time, it will be noticed that the}’^ retain a curiously close 
general resemblance to the hinder thoracic legs ; and 
hence, for distinction’s sake, they are called outer fooU 
jaws, or external maxillipedes. 

If the head of a stout pin is pushed between these 
external maxillipedes, it will be found that it passes 
without any difficulty into the interior of the body, 
through the mouth. In fact, the mouth is relatively 
rather a large aperture ; but it cannot be seen without 
forcing aside, not only these external foot-jaws, but a 
number of other limbs, which subserve the same function 
of manducation, or chewing and crushing the food. We 
may pass by the organs of manducation, for the i)resent, 
with the remark that there are altogether three pairs of 
maxillipedes, followed, by two j)airs of somewhat diflerently 
formed maxillce, and one pair of very stout and strong 
jaws, which are termed the viandibles (4). All these jaws 
work from side to side, in contradistinction to the jaws 
of vertebrated animals, which move up and down. In 
front of, and above the mouth, with the jaws which 
cover it, are seen the long feelers, wliich are called the 
antennce (3) ; above, and in front of them, follow the 
small feelers, or anteiinulcs {^) ; and over them, again, lie 
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the eye stalks (i). The antennje are organs of touch; 
the antennules, in addition, contain the organs of hear- 
ing ; while, at the ends of the eyestalks, are the organs 
of vision. 

Thus vre see that the crayfish has a jointed and 
segmented hodj^ the rings of which it is comiiosed being 
very obvious in the abdomen, but more obscurely trace- 
able elsewhere ; that it has no fewer than twenty i)airs 
of what ina}^ be called by the general name of a2> 
pend a pcs ; and that these appendages are turned to 
difierent uses, or are organs of different functions, in 
different parts of the bod3% The crayfish is obviously 
a very complicated piece of living machinery. But we 
have not yet come to the end of all the organs that may 
be discovered even by cursory inspection. Every one 
who has eaten a boiled crayfish, or a lobster, knoAvs 
that the great shield, or carai)ace, is veiy easily separated 
from the thorax and abdomen, the head and the limbs 
■which belong to that region coining away with the 
carapace. The reason of this is not far to seek. The 
louver edges of that part of the carapace which belongs to 
the thorax approach the bases of the legs jiretty closely, 
but a cleft-like space is left; and this cleft extends 
forwards to the sides of the region of the mouth, and 
backwards and upwards, between the hinder margin of 
the carapace and the sides of the first ring of the abdo- 
men, which are partly overlapped b}^, and partly overlap, 
that mai'gin. If the blade of a pair of scissors is care- 
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fully introduced into tlic cleft from behind, as high up 
as it will go without tearing an3"thing, and a cut is then 
made, parallel with the middle line, as far as the cendcal 
groove, and thence following the cervical groove to the 
base of the outer foot-jaws, a largo flap will be removed. 
This flap of the carapace is called the hrancliiostc(jite 
(fig. 1, hg)y because it covers the gills or hranchue 
(fig. 4), which are now exposed. The.y have the api)ear- 
ance of a number of delicate plumes, which take a direc- 
tion from the bases of the legs upwards and forwards 
behind, u^iwards and backwards in front, their summits 
converging towards the upper end of the cavity in which 
they are placed, and which is called the branchial 
chamber. These branchiae are the respiratory organs ; 
and they perform the same functions as the gills of a 
fish, to which they present some similarit}". 

If the gills are cleared awaj", it is seen that the branchial 
cavit}^ is bounded, on the inner side, by a sloping wall, 
formed by a delicate, but more or less calcified layer of 
the exo skeleton, which constitutes the proper outer wall 
of the thorax. At the upper limit of the branchial cavit}", 
the layer of exoskeleton is very thin, and turning out- 
wards, is continued into the inner wall or lining of the 
branchiostegite, which is also very thin {hcc fig. 15, p. 70). 

Thus the branchial chamber is altogether outside the 
body, to which it stands in somewhat the same relation 
as the si)ace between the flaps of a man’s coat and his 
waistcoat would do to the part of the body enclosed by the 




Fio. 4. — Astac\is fivviatUis.'-Jn A, the gills, exposed by the removal of the brunchio- 
stegite, arc seen in tlieir natural position ; in B, the podobranehiae (see p. 75) arc re- 
moved, and the anterior set of arthrobranehiie turned downwards (x 2) : 1, eye-stalk ; 

aiitennnle ; antenna ; 4, mandible ; 6, seaidiognathitc ; 7, lirst niaxillipede, in B 
the cpip«dite, to which the line points, is ])artly removed ; S, second niaxillipede ; 
Sf, third inaxilli])edc ; JO, foreeiis ; Ih, fourth ambulatory leg ; lii, tirst abdoiiiinal 
apiiendage; xv., first, and xvi., second abdominal somite; arh. 8, urh. 9, arh. 13, 
the posterior arthrobranehim of the second and thinl maxillipedes and of the third 
ambulatorj’ leg ; arh\ 9, arh'. 13, the anterior arthrobranehiie of the third maxillipede 
and of the third ambulatory leg ; pM. 8, iiodobranchite of the second maxillipede ; 
phd. 13, that of the third ambulat^iry leg ; pJh. U, plh. 13, the two rudimentary 
pleurobranchiui ; plh. U, the functional pleurobranchia ; r, rostrum. 
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waistcoat, if we suppose the lining of the flaps to be made 
in one piece with the sides of the waistcoat. Or a closer 
parallel still would he brought about, if the skin of a 
man s back Tvere loose enough to be pulled out, on each 
side, into two broad flaps covering the flanks. 

It will be observed that the branchial chamber is open 
behind, below, and in front ; and, therefore, that the water 
in which the crayfish habitually lives has free ingress 
and egress. Thus the air dissolved in the water enables 
breathing to go on, just as it does in fishes. As is the 
case with many fishes, the crayfish breathes very well 
out of the water, if kept in a situation sufficiently cool 
and moist to prevent the gills from drying up; and 
thus there is no ixiason why, in cool and damp weather, 
the crayfish should not be able to live very well on land, 
at any rate among moist herbage, though whether 
our common crayfislies do make such terrestrial excur- 
sions is perhaps doubtful. AVe shall see, by-and-by, that 
there are some exotic cra 3 ffish which habitually live on 
land, and perish if they are long submerged in water. 

AVith respect to the internal structure of the crayfish, 
there are some i)oints which cannot escai^e notice, how- 
ever rough the process of examination may be. 

Thus, when the carapace is removed in a crayfish 
which has been just killed, the heart is seen still 
pulsating. It is an organ of considerable relative size 
(fig. 5, /O, which is situated immediately beneath the 




J’itt. 5 . — Astacua ftiriafUh . — A male specimcTi, with the roof of the 
carapace and the tcrga of the abdominal somites removed to show 
the viscera (iiat. size) : — a<f-y antennary artery ; r/y, anterior gastric 
muscles ; annif , adductor muscles of the mandibles : cardiac 

I)ortion of the stomach ; ffff, green glands ; /a, heart ; 7///, hind gut, 
or large intestine ; Lr, liver ; oa^ ophthalmic artery ; posterior 
gastric muscles ; sct(f, superior abdominal artery ; f, testis ; rd, vas 
deferens. 
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THE CRABS’-EYES.” 

middle region of that part of the carapace which lies 
behind the cervical groove ; or, in other words, in tho 
dorsal region of the thorax. In front of it, and therefore 
in the head, is a large rounded sac, the stomach (fig. 5, 
cs ; fig. 6, cs, ps), from which a very delicate intestine 
(figs. 5 and 6, hj) passes straight back through the thorax 
and abdomen to the vent (fig. 6, a). 



Pig. 6 . — Anfaem longitudinal vertical section of the ali- 

mentary canal, with the outline of the body (nat. size) x—a, vent ; r/y, 
anterior gastric muscle ; entrance of left bile duct ; r//, cervical 
groove ; (•(p, cajcum ; cpv, cardio-pyloric valve ; r.?, cardiac portion 
of stomach ; the circular area immediately below the end of the 
line from va marks the position of the gastrolith of the left 
side; //(/, hind-gut; lb, labrum; It, lateral tooth of stomach; 
m, mouth ; vig, mid-gut ; wf, median tooth ; ce, oesophagus ; pc, jiro- 
ceiihalic process; posterior gastric muscle ; px, pyloric portion of 
stomach ; r, annular ridge, marking the commencement of the 
hind-gut. 

In summer, there are commonly to be found at the sides 
of the stomach two lenticular calcareous masses, which 
are known as ‘‘ crabs’-eyes,” or gastroUths, and were, in 
old times, valued in medicine as sovereign remedies for all 
sorts of disorders. These bodies (fig. 7) are smooth and 
flattened, or concave, on the side which is turned towards 
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the cavity of the stomach ; while the opposite side, being 
convex and rough with irregular prominences, is some- 
thing like a ‘‘ brain-stone ” coral. 

Moreover, when the stomach is laid open, three large 



Fig. 1.— Adi a cm fluvtafUiR. — A grastrolith ; A, from above ; B, from 
below ; C, from one side (aU x h) ; D, in vertical section ( x 20). 


reddish teeth ai’e seen to project conspicuously into its 
interior (fig. 6, It, mt) ; so that, in addition to its six 
pairs of jaws, the craj^fish has a supplementary crushing 
mill in its stomach. On each side of the stomach, there 
is a soft yellow or brown mass, commonly known as the 


THE GROWTH OF THE CRAYFISH. 


31 


liver ffig. 5, Lv ) ; and, in the breeding season, the 
ovaries of the females, or organs in which the eggs are 
formed, are very conspicuous from the dark-coloured 
eggs which they contain, and which, like the exoskeleton, 
turn red when they are boiled. The corresponding part 
in a cooked lobster goes by the name of the coral.” 

Beside these internal structures, the most noticeable 
are the large masses of flesh, or muscle, in the thorax 
and abdomen, and in the i)iHcers ; which, instead of 
being red, as in most of the higher animals, is white. 
It will further be observed that the blood, which flows 
readily when a crayfish is wounded, is a clear fluid, and 
is either ahnost colourless, or of a very pale reddish or 
neutral tint. Hence the older Naturalists thought that 
the crayfish was devoid of blood, and had merely a sort 
of ichor in place of it. But the fluid in question is true 
blood ; and if it is received into a vessel, it soon forms a 
soft, but firm, gelatinous clot. 

The crayfish grows rapidly in youth, but enlarges more 
and more slowly as age advances. The young animal which 
has just left the egg is of a grejush colour, and about 
one quarter of an inch long. By the end of the year, it 
may have reached nearly an inch and a half in length. 
Crayfishes of a year old are, on an average, two inches 
long ; at two years, two inches and four-fifths ; at three 
years, three inches and a half ; at four years, four inches 
and a half nearly ; and at five years, five inches. They 
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go on growing till, in exceptional cases, they may attain 
between seven inches and eight inches in length ; but at 
^vhat degree of longevity this unusual dimension is reached 
is uncertain. It seems probable, however, that the life of 
these animals may be prolonged to as much as fifteen or 
twenty years. They appear to reach maturity, so far as 
the i)ower of reproduction is concerned, in their fifth or, 
more usuall}", their sixth 3’ear. However, I have seen 
a female, with eggs attached under the abdomen, only- 
two inches long, and therefore, probably", in her second 
year. The males are common^ larger than females of 
the same age. 

The hard skeleton of a craj^fish, once formed, is 
incapable of being stretched, nor can it increase by in- 
terstitial addition to its substance, as tlie bone of one 
of the higher animals grows. Hence it follows, that the 
enlargement of the body, which actually takes place, 
involves the shedding and rejiroduction of its invest- 
ment. This might be eflected by insensible degrees, and 
in diflerent parts of the body at different times, as we 
shed our hair ; but, as a matter of fact, it occurs i)eriodi- 
cally and universally, somewhat as the feathers of birds 
are moulted. The whole of the old coat of the body is 
thro-wn ofi‘ at once, and suddenly; and the new coat, 
wdiich has, in the meanwhile, been formed beneath 
the old one, remains soft for a time, and allows of a 
rapid increase in the dimensions of the body before it 
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hardens. This sort of moulting is what is technically 
termed ecdysis, or exuviation. It is commonly spoken of 
as the shedding of the skin,” and there is no harm in 
using this phrase, if we recollect that the shed coat is not 
the skin, in the proper sense of the word, but only what 
is termed a cuticular layeVy which is secreted upon the 
outer surface of the true integument. The cuticular 
skeleton of the crayfish, in fact, is not even so much a 
part of the skin as the cast of a snake, or as our own nails. 
For these are composed of coherent, formed parts of tlie 
epidermis ; while the hard investment of the crayfish con- 
tains no such formed parts, and is developed on the out- 
side of those structures which answer to the constituents 
of the epidermis in the higher animals. Thus the cray- 
fish grows, as it were, by starts ; its dimensions remaining 
stationary in the intervals of its moults, and then rapidly 
increasing for a few days, while the new exoskeleton is 
in the course of formation. 

The ecdysis of the crayfish was first thoroughly 
studied a centuiy and a half ago, by one of the most 
accurate observers who ever lived, the famous Eeaumur, 
and the following account of this very curious process is 
given nearly in his words.* 

A few hours before the process of exuviation com- 

* See Rfiauimii's two Memoirs, Sur les diverscs reproductions qui 
se font dans les dcrevisses, les omars, les crabes, etc.,** “ Histoire de 
1’ Academic royale des Sciences,*’ annce 1712 ; and Additions aux ob- 
servations sur la mue desdcrevisses donnees dans les Memoires de 1712.” 
Ibid. 1718. 
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mences, the crayfish rubs its limbs one against the 
other, and, without changing its place, moves each 
separately, throws itself on its back, bends its tail, 
and then stretches it out again, at tlie same time vibrat- 
ing its antenna). By these movements, it gives the 
various parts a little play in their loosened sheaths. 
After these i^reparatory steps, the craj’fish appears to 
become distended ; in all j)i’obability, in consequence of 
the commencing retraction of the limbs into the interior 
of the exoskeleton of the body. In fact, it has been 
remarked, that if, at this period, the extremity of one of 
the great claws is broken off, it will be found empty, 
the contained soft parts being retracted as far as the 
second joint. The soft membi’anous jiart of the exo- 
skeleton, which connects the hinder end of the carapace 
with the first ring of the abdomen, gives way, and the 
body, covered with the new soft integument, j)rotrudes ; 
its dark brown colour rendering it easily distinguishable 
from the greenish-brown old integument. 

Having got thus far, the crayfish rests for a while, and 
then the agitation of the limbs and body recommences. 
The carapace is forced upwards and forwards by the pro- 
trusion of the body, and remains attached only in the 
region of the mouth. The head is next drawn backwards, 
wliile the eyes and its other appendages are extracted from 
their old investment. Next the legs are pulled out, either 
one at a time, or those of one, or both, sides together. 
Sometimes a limb gives way and is left behind in its sheath. 
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The operation is facilitated by the splitting of the old 
integument of the limb along one side longitudmall3\ 

When the legs are disengaged, the animal draws its 
head and limbs completely out of their former covering ; 
and, with a sudden spring forward, while it extends its 
abdomen, it extracts the latter, and leaves its old skele- 
ton behind. The carapace falls back into its ordinary 
position, and the longitudinal fissures of the sheathe of 
the limbs close up so accurately, that the shed integu- 
ment has just the appearance the animal had when the 
exuviation commenced. The cast exoskeleton is so like 
the crayfish itself, when the latter is at rest, that, except 
for the brighter colour of the latter, the two cannot be 
distinguished. 

After exuviation, the owner of the cast skin, ex- 
hausted by its violent struggles, which are not unfre- 
quently fatal, lies in a prostrate condition. Instead of 
being covered by a hard shell, its integument is soft and 
flabby, like wet paper ; though Eeaumur remarks, that 
if a cra3^fish is handled immediately after exuviation, its 
body feels hard ; and he ascribes this to the violent con- 
traction which its muscles have undergone, leaving them 
in a state of cramp. In the absence of the hard skeleton, 
however, there is notliing to bring the contracted muscles 
at once back into position, and it must be some time 
before the pressure of the internal fluids is so distributed 
as to stretch them out. 

When the process of exuviation has proceeded so far 
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that the carapace is raised, nothing stops the crayfish 
from continuing its struggles. If taken out of the water 
in this condition, they go on moulting in the hand, and 
even pressure on their bodies will not arrest their efforts. 

The length of time occupied from the first giving way 
of the integuments to the final emergence of the animal, 
varies with its vigour, and the conditions under which it 
is placed, from ten minutes to several liours. The 
chitinous lining of the stomach, with its teetli, and the 

crabs’-eyes,” are shed along with the rest of the cuti- 
cular exoskeleton ; but they are broken uj> and dissolved 
in the stomach. 

The new integuments of the crayfish remain soft for 
a period wliicli varies from one to three days ; and it is 
a curious fact, that the animal aj^pears to be quite aware 
of its helplessness, and governs itself accordingly. 

An observant naturalist says : “I once had a do- 
mesticated crayfish (Astacus Jiuviatilis), which I kept in 
a glass pan, in water, not more than an inch and a half 
deep, previous experiment having shown that in deeper 
water, probably from want of sufficient aeration, this 
animal would not live long. By degrees my prisoner 
became very bold, and when I held my fingers at tlie 
edge of the vessel, he assailed them with promptness and 
energy. About a year after I had him, I perceived, as I 
thought, a second crayfish witli him. On examination, 

I found it to be his old coat, which he had left in a most 
perfect state. My friend had now lost his heroism, and 
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fluttered about in the greatest agitation. He was quite 
soft ; and every time I entered the room during the next 
two days, he exhibited the wildest terror. On the third, 
he appeared to gain confidence, and ventured to use his 
nippers, though with some timidity, and he was not yet 
quite so hard as he had been. In about a week, how- 
ever, he became bolder than ever; his weapons were 
sharper, and he appeared stronger, and a nip from him 
was no joke. He lived in all about two years, during 
which time his food was a very few worms at very uncer- 
tain times ; perhaps he did not get fifty altogether.*'* 

It would ajipear, from the best observations that have 
yet been made, that the young crayfish exuviate two or 
three times in the course of the first year ; and that, 
afterwards, the process is annual, and takes place usually 
about midsummer. There is reason to suppose that very 
old cra3’fish do not exuviate eveiy year. 

It has been stated that, in the course of its violent 
efforts to extract its limbs from the cast-off’ exoskeleton, 
the crayfish sometimes loses one or other of them ; the 
limb giving way, and the greater part, or the whole, of it 
remaining in the exuviae. But it is not only in this way 
that crayfishes part wuth their limbs. At all times, if the 
animal is held by one of its pincersjf-so that it cannot 
get away, it is apt to solve the difficult^" b}" casting oft* 

♦ The late Mr. Robert Ball, of Dublin, in Bell’s “ British Crustacea,” 
p. 239. 



88 THE NATURAL HISTORY OP THE COMMON CRAYFISH. 


the limb, which remains in the hand of the captor, while 
the crayfish escapes. This voluntary amputation is always 
effected at the same place ; namely, where the limb is 
slenderest, just beyond the articulation which unites the 
basal joint with the next. The other limbs also readily 
part at the joints ; and it is very common to meet with 
craj^fish which have undergone such mutilation. But 
the injury thus inflicted is not permanent, as these 
animals possess the power of reproducing lost parts to 
a marvellous extent, whether the loss has been inflicted 
by artificial amputation, or voluntarily. 

Crayfishes, like all the Crustacea, bleed very freely when 
wounded ; and if one of the large joints of a leg is cut 
through, or if the animal’s body is injured, it is very likely 
to die rapidly from the ensuing hjemorrhage. A cray- 
fish thus wounded, however, commonly throws off the 
limb at the next articulation, where the cavity of the 
limb is less jiatent,, and its sides more readily fall 
together ; and, as we have seen, the pincers are usually 
cast ofi:‘ at their narrowest point. When such amputation 
has talsen place, a crust, probably formed of coagulated 
blood, rapidly forms over the surface of the stump ; and, 
eventually, it becomes covered with a cuticle. Beneath 
this, after a time, a sort of bud grows out from the 
centre of the surface of the stmuji, and gradually takes 
on the form of as much of the limb as has been removed. 
At the next ecdysis, the covering cuticle is throTO off 
along with the rest of the exoskeleton ; while the rudi- 
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mentary limb straightens out, and, though very small, 
acquires all the organization appro]3riate to that limb. 
At every moult it grows ; but, it is only after a long time 
that it acquires nearly the size of its uninjured and older 
fellow. Hence, it not unfrequently happens, that crayfish 
are found with pincers and other limbs, which, though 
alike useful and anatomically complete, are very unequal 
in size. 

Injuries inflicted while the crayfish are soft after 
moulting, are apt to produce abnormal growths of the 
part affected; and these may be perpetuated, and give 
rise to various monstrosities, in the pincers and in other 
parts of the bod}^ 

In the rex)roduciion of their kind by means of eggs the 
co-oi)eration of the males with the females is necessary. 
On the basal joint of the hindermost pair of legs of the male 
a small apeilure is to be seen (fig. 3, A; vd). In these, the 
ducts of the api3aratus in which the fecundating substance 
is formed terminate. The fecundating material itself is a 
thickish fluid, which sets into a white solid after extru- 
sion. The male deposits this substance on the thorax 
of the female, between the bases of the hindermost pairs 
of thoracic limbs. 

The eggs formed in the ovary are conducted to apertures, 
which are situated on the bases of the last pair of ambula- 
tory legs but two, that is, in the hinder of the two i^air 
wdiich are provided with chelate extremities (fig. 3, B ; od). 



40 THE NATURAL HISTORY OF THE COMMON CRAYFISH. 


After the female has received the deposit of the 
spermatic matter of the male, she retires to a burrow, 
in the manner already stated, and then the process of 
laying the eggs commences. These, as they leave the 
apertures of the oviducts, are coated with a viscid matter, 
which is readily drawn out into a short thread. The 
end of the thread attaches itself to one of the long hairs, 
with which the swimmerets are fringed, and as the viscid 
matter rapidly hardens, the egg thus becomes attached 
to the limb by a stalk. The operation is repeated, until 
sometimes a couple of hundred eggs are thus glued on 
to the swimmerets. Partaking in the movements of the 
swimmerets, they are washed backwards and forwards in 
the water, and thus aerated and kept free of impurities ; 
while the young crayfish is formed much in the same 
way as the chick is formed in a hen’s egg. 

The process of development, however, is very slow, 
as it occupies the whole winter. In late spring-time, or 
early summer, the young burst the thin shell of the 
egg, and, when they are hatched, jiresent a general re- 
semblance to their parents. This is very unlilte what 
takes place in crabs and lobsters, in which the 3"Oung 
leave the egg in a condition very different from the 
parent, and undergo a remarkable metamorphosis before 
they attain their proper form. 

For some time after they are hatched, the young hold 
on to the swimmerets of the mother, and are carried 
about, protected by her abdomen, as in a kind of nursery. 
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That most careful naturalist, Eoesel von Rosenhof, 
sa3"s of the young, when just hatched : — 

At this time they are quite transparent ; and when 



Fig. 8. — AstacHS fluviatllis. — A, two recently hatched crayfish attached 
to one of the swimmerets of the mother ( x 4). protopodite ; 
en, endopodite ; and ex, exopodite of the swimmeret ; ec^ ruptured 
egg-cases. B, chela of a recently hatched crayfish ( x 10). 

such a crayfish [a female with young] is brought to 
table, it looks quite disgusting to those who do not know 


42 THE NATURAL HISTORf OF THE COMMON CRAYFISH. 


what the young are ; but if we examine it more closely, 
especially with a magnifying-glass, we see with pleasure 
that the little craj^fish are already perfect, and resemble 
the large one in all respects. When the motlier of these 
little crayfish, after they have begun to be active, is quiet 
for a while, they leave her and creep about, a short way 
off. But, if they spy the least sign of danger, or there is 
aii}^ unusual movement in the w^ater, it seems as if the 
mother recalled them by a signal ; for the}^ all at once 
swiftly return under her tail, and gather into a cluster, 
and the mother hies to a place of safetj'^ with them, as 
quickly as she can. A few days later, however, they 
gradually forsake her.’' * 

Fishermen declare that Hen Lobsters ” protect their 
young in a similar manner, t Jonston,J who wTote in 
the middle of the seventeenth century, says that the little 
crayfish are often to be seen adhering to the tail of the 
mother. Eoesel’s observations imjdy the same thing; 
but he does not describe the exact mode of adherence, 
and I can find no observations on the subject in the 
works of later writers. 

It has been seen that the eggs are attached to the 
swimmerets by a viscid substance, which is, as it were, 
smeared over them and the hairs with which they are 

* “Der Monat’ich-lierausgegebeii Insecten Belustigung.” Dritter 
Theil, p. 336. 1755. 

t Bell’s “ British Crustacea,” p. 241). 

i “ Joannis Joustoni Historise naturalis de Piscibus et Cctis Libri 
quinque. Tomus IV. * l)e Cammaro seu Astaco fluviatili.' ** 
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fringed, and is continued by longer or shorter thread-like 
pedicles into the coat of the same material which invests 
each egg. It very soon hardens, and then becomes very 
firm and elastic. 

■\Vhen the young crayfish is ready to be hatched, the egg 
case splits into two moieties, which remain attached, like a 
pair of watch glasses, to the free end of the i)edicle of the 
egg (fig. 8, A; cc) . The young animal, though very similar 
to the parent, does not quite ‘‘resemble it in all respects,” 
as lloesel says. For not only are the first and the last 
pairs of abdominal limbs wanting, while the telson is very 
different from that of the adult; but the ends of the great 
chelas are sharply pointed and bent down into abruptly in- 
curved hooks, which overlap when the chelae are shut (fig. 8, 
B). Hence, when the chelaj have closed uj^oii an 3 'thing soft 
enough to allow of the imbedding of these hooks, it is 
very difficult, if not impossible, to ox^en them again. 

Immediately the young are set free, the}^ must instinc- 
tively bury the ends of their forceps in the hardened 
egg-glue which is smeared over the swimnierets, for they 
are all found to be holding on in this manner. They 
exhibit very little movement, and tliey bear rough 
shaking or handling without becoming detached ; in 
consequence, I suppose, of the interlocking of the hooked 
ends of the chelie imbedded in the egg-glue. 

Even after the female has been jiluRg^^d into alcohol, 
the young remain attached. I have had a female, with 
young affixed in this manner, mider observation for five 
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days, but none of them showed any signs of detaching 
themselves ; and I am inclined to think that they are 
set free only at the first moult. After this, it would 
appear that the adhesion to the parent is only temporarj^ 

The walking legs are also hooked at their extremities, 
but they play a less important part in fixing the young 
to the parent, and seem to be always capable of loosing 
their hold. 

I find the young of a Mexican craj^fish {Cambarus) to be 
attached in the same manner as those of the English 
crayfish; but, according to Mr. Wood-Mason’s recent 
observations, the young of the New Zealand crayfishes 
fix themselves to the swimmerets of the parent by the 
hooked ends of their hinder ambulatory limbs. 

Crayfishes, m eveiy respect similar to those found 
in our English rivers, that is to say, of the sj^ecies 
Astacus jfliiviatilis, are met with in Ireland, and on the 
Continent, as far south as Italy and northern Greece ; 
as far east as western Russia ; and as far north as the 
shores of the Baltic. They are not known to occur in 
Scotland ; in Spain, except about Barcelona, they are 
either rare, or have remained unnoticed. 

There is, at present, no proof of the occurrence of 
Astacus fluviatilis in the fossil state. 

Curious myths have gathered about crayfishes, as 
about other animals. At one time crabs*-eyes ” were 
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collected in vast numbers, and sold for medicinal 
purposes as a remedy against the stone, among other 
diseases. Their real utility, inasmuch as they consist 
almost entirely of carbonate of lime, with a little phos- 
phate of lime and animal matter, is much the same as 
that of chalk, or carbonate of magnesia. It was, for- 
merly, a current belief that craj'fishes grow poor at the 
time of new moon, and fat at that of full moon ; and, 
perhaps, there may be some foundation for the notion, 
considering the nocturnal habits of the animals. Van 
Helmont, a great dealer in wonders, is responsible for 
the story that, in Brandenburg, where there is a great 
abundance of crayfishes, the dealers were obliged to 
transport them to mai-ket by night, lest a pig should 
run under the cart. For if such a misfortune should 
happen, every crayfish would be found dead in the 
morning : “ Tam exitialis est porcus cancro.” Another 
author improves the story, by declaiing that the steam 
of a pig-stye, or of a herd of swine, is instantaneously 
fatal to crayfish. On the other hand, the smell of 
putrifying crayfish, which is undoubtedly of the strongest, 
was said to drive even moles out of theii’ burrows. 



CHAPTER II. 

THE PHYSIOLOGY OF THE CllAYFlSH. THE MECHANISM BY 
WHICH THE PARTS OF THE LIVING ENGINE ARE SUPPLIED 
WITH THE MATERIALS NECESSARY FOR THEIR MAIN- 
TENANCE AND GROWTH. 

An analysis of such a sketch of the ‘‘Natural History 
of the Crayfish” as is given in the preceding cha];)ter, 
shows that it provides brief and general answers to three 
questions. First, what is the form and structure of the 
animal, not only when adult, but at different stages of 
its growth ? Secondly, what are the various actions of 
which it is callable ? Thirdly, where is it found ? If we 
carry our investigations further, in such a manner as to 
give the fullest attainable answers to these questions, 
the knowledge thus acquired, in the case of the first 
question, is termed the Moirpliology of the crayfish; 
in the case of the second question, it constitutes the 
Physiology of the animal ; while the answer to the third 
question would rei)resent what we know of its Distrihii- 
tion or Chorology. There remains a fourth problem, 
which can hardly be regarded as seriously under dis- 
cussion, so long as knowledge has advanced no further 
tlian the Natural History stage ; the question, namely, 
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how all these facts comprised under Morphology, Physi- 
ology, and Chorology have come to he what they are ; 
and the attempt to solve this problem leads us to tlie 
crown of Biological effort, J^tiology. When it supplies 
answers to all the questions which fall under these four 
heads, the Zoology of Crayfish will have said its last 
word. 

As it matters little in what order we take the first three 
questions, in expanding Natural History into Zoology, 
we may as well follow that which accords with the history 
of science. After men acquired a rough and general 
knowledge of the animals about them, the next thing which 
engaged their interest was the discovery in these animals 
of arrangements by which results, of a kind similar to 
those which their own ingenuity effects through mechanical 
contrivances, are brought about. They observed that 
animals perform various actions ; and, wdien they looked 
into the disposition and the powers of the parts by which 
these actions are performed, they found that these parts 
presented the characters of an apparatus, or piece of 
mechanism, the action of which could be deduced from 
the properties and connections of its constituents, just 
as the striking of a clock can be deduced from the 
properties and connections of its weights and wheels. 

Under one aspect, the result of the search after the 
rationale of animal structure thus set afoot is Teleology ; 
or the doctrine of adaptation to purpose. Under another 



48 THE PHYSIOLOGY OF THE COMMON CBAYFISH. 

aspect, it is Physiology ; so far as Physiology consists in 
the elucidation of complex vital phenomena by deduction 
from the established truths of Physics and Chemistry, or 
from the elementary properties of living matter. 

We have seen that the crayfish is a voracious and 
indiscriminate feeder ; and we shall be safe in assuming 
that, if duly supplied with nourishment, a full-grown 
crayfish will consume several times its own weight of 
food in the course of tlie year. Nevertheless, the increase 
of the animal’s weight at the end of that time is, at most, 
a small fraction of its total weight ; whence it is quite 
clear, that a very large proportion of the food taken into 
the body must, in some shape or other, leave it again. 
In the course of the same period, the crayfish absorbs a 
very considerable quantity of oxygen, supplied by the 
atmosphere to the water which it inhabits ; while it gives 
out, into that water, a large amount of carbonic acid, and 
a larger or smaller quantity of nitrogenous and other ex- 
crementitious matters. From this point of view, the 
crayfish may be regarded as a kind of chemical manu- 
factory, supplied with certain alimentary raw materials, 
which it works up, transfonns, and gives out in other 
shapes. And the first physiological i)roblem which offers 
itself to us is the mode of operation of the apparatus 
contained in this factory, and the extent to which the 
products of its activity are to be accounted for by 
reasoning from known physical and chemical principles. 
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We have learned that the food of the craj^fish is made 
up of very diverse substances, both animal and vegetable ; 
but, so far as the}’’ are comjietent to nourish the animal 
permanently, these matters all agree in containing a 
peculiar nitrogenous body, termed protcm, under one of its 
many forms, such as albumen, fibrin, and the like. With 
this may be associated fatty matters, starchy and sac- 
charine bodies, and various earthy salts. And these, 
which are the essential constituents of the food, may be, 
and usually are, largel3’^ mixed up with other substances, 
such as wood, in the case of vegetable food, or skeletal 
and fibrous jiarts, in the case of animal prey, which are 
of little or no utility to the crayfish. 

Tlie first stej) in the process of feeding, therefore, is 
to reduce the food to such a state, that the separation 
of its nutritive parts, or those which can be turned to 
account, from its innutritions, or useless, constituents, 
may be facilitated. And this preliminary operation is 
the subdivision of the food into morsels of a convenient 
size for introduction into that jiart of the machinery in 
which the extraction of the useful i)roducts is performed. 

The food may be seized by the pincers, or by the 
anterior clielatS ambulatory limbs ; and, in the former 
case, it is usualty, if not always, transferred to the first, 
or second, or both of the anterior pairs of ambulatory 
limbs. These grasp the food, and, tearing it into 
pieces of the proper dimensions, thrust them between 
the external maxilliiiedes, which are, at the same time, 

E 
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worked rapidly to and fro sideways, so as to bring their 
toothed edges to bear upon the morsel. The other five 
pairs of jaws are no less active, and they thus crush and 
divide the food brought to them, as it is passed between 
their toothed edges to the opening of the mouth. 

As the alimentary canal stretches from the mouth, 
at one end, to the vent at the other, and, at each of 
these limits, is continuous with the wall of the body, 
we may conceive the whole crayfish to be a hollow 
cylinder, the cavity of which is everywhere closed, though 
it is traversed by a tube, open at each end (fig. G). 
The shut cavity bet^veen the tube and the walls of the 
cylinder may be termed the ijerlvisceral cavity ; and it is 
so much filled up by the various organs, which are inter- 
posed between the alimentary canal and the body wall, 
that all that is left of it is represented by a system of 
iiTegular channels, which are filled with blood, and are 
termed hlood sinuses. The wall of the cylinder is the 
outer wall of the bod}’' itself, to wdiicli the general name 
of integument may be given ; and the outermost layer of 
this, again, is the cuticle, which gives rise to the whole 
of the exoskeleton. This cuticle, as w'e have seen, is 
extensively impregnated with lime salts; and, moreover, 
in consequence of its containing ckitin, it is often spoken 
of as the chitinous cuticula. 

Having arrived at this general conception of the dis- 
position of the parts of the factory, w^e may next proceed 
to consider the machinery of alimentation which is con- 
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tained within it, and which is represented hy the various 
divisions of the alimentary canal, with its appendages ; 
by the apparatus for the distribution of nutriment ; and 
by two apparatuses for getting rid of those products 
which are the ultimate result of the working of the whole 
organism. 

And here we must trench somewhat upon the province 
of Morphology, as some of these pieces of apparatus are 
complicated ; and their action cannot be comprehended 
without a certain knowledge of their anatomy. 

The mouth of the crayfish is a longitudinally elongated, 
parallel-sided opening, in the integument of the ventral 
or sternal aspect of the head. Just outside its lateral 
boundaries, the strong mandibles jvroject, one on each 
side (fig 3, B ; 4) ; their broad crushing suifaces, which 
are turned towards one another, are therefore completely 
external to the oral cavit 3 \ In front, the mouth is over- 
lapped by a wide shield-shaped jd^te termed the upper 
lip, or lahriim (figs. 3 and 6, Ih) ; while, immediately be- 
hind the mandibles, there is, on each side, an elongated 
fleshy lobe, joined with its fellow by the posterior 
boundary of the mouth- These together constitute the 
metastoma (fig. 3, B ; mt), which is sometimes called 
the lower lip. A short wide gullet, termed tlie (eso- 
phagus (fig. 6, o<?), leads directly uinvards into a spacious 
bag, the stomach, which occupies almost tlie whole cavity 
of the head. It is divided by a constriction into a large 
anterior chamber [cs), into the under face of which the 
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gullet opens, and a small posterior chamber from 
which the intestine (%) proceeds. 

In a man’s stomach, the opening by which the gullet 
communicates with the stomach is called the cardia, 
while that which places the stomach in communication 
with the intestine is named the pylorus ; and these terms 
having been transferred from human anatom}'- to that of 
the lower animals, the larger moiety of the crayfish’s 
stomach is called the cardiac division^ while the smaller 
is termed the pyloric division of the organ. It must be 
recollected, however, that, in the crayfish, the so-called 
cardiac division is that which is actually furthest from 
the heart, not that which is nearest to it, as in man. 

The gullet is lined by a firm coat which resembles thin 
parchment. At the margins of the mouth, this strong 
lining is easily seen to be continuous with the cuticular 
exoskeleton ; while, at the cardiac orifice, it spreads out 
and forms the inner or cuticular wall of the whole gastric 
cavity, as far as the jiylorus, where it ends in certain 
valvular projections. The chitinous cuticle which forms 
the outermost layer of the integument is thus, as it were, 
turned in, to constitute the innermost layer of the walls 
of the stomach; and it confers upon them so great an 
amount of stifthess that they do not collapse when the 
organ is removed from the body. Furthermore, just as 
the cuticle of the integument is calcified to form the hard 
parts of the exoskeleton, so is the cuticle of the stomach 
calcified, or otherwise hardened, to give rise, in the first 
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place, to the very remarkable and complicated apparatus 
which has already been spoken of, as a sort of gastric mill 



p 


Fig, 9.—Astacus flvriatiUs,—A, the stomach with its outer coat removed, seen from the 
left side ; B, the same viewed from the front, afUir removal of the anterior wall ; 
C, the ossicles of the gastric, mill separated from one another ; D, the 
loric ossicle and median tooth, seen from the right side ; E, trunsveisc section of 
the pyloric region along the line xy in A (all x 2), c, cardiac ossicle ; cardio- 
pyloric valve ; /j>, lateral pouch ; It, lateral tooth, seen through the wall of the 
stomach in A; ing, mid-gut; vit, median tooth, seen through the wall of the 
stomacli in A ; ccs, oesophagus ; p, pyloric ossicle ; pc, ptcrocai-diac. ossicle ; 
pp, prepyloric ossicle ; itc, uro-cardiac process ; t, convexities on the free surface 
of its hinder end ; median pyloric valve ; sc, zygocardiac ossicle. 


or foocUcrushcr ; and, secondly, to a filter or strainer^ 
whereby the nutritive juices are separated from the in- 
nutritious hard parts of the food and passed on into the 
intestine. 
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The gastric mill begins in the hinder half of the cardiac 
division. Here, on the upper wall of the stomach, we see 
a broad transverse calcified bar (figs. 9-11, c) from 
the middle of the hinder part of which another bar («c), 
united to the first by a flexible portion, is continued 
backwards in the middle line. The whole has, therefore, 
somewhat the shape of a cross-bow. Behind the first- 
mentioned piece, the dorsal wall of the stomach is folded 
in, in such a manner as to give rise to a kind of pouch ; 
and the second piece, or what we may call the handle of 
the crossbow, lies in the front wall of this pouch. The 
end of this piece is dense and hard, and its free surface, 
which looks into the top of the cardiac chamber, is 
raised into two oval, flattened convex surfaces (t). Con- 
nected by a transverse joint with the end of the handle 
of the crossbow, tliere is another solid bar, which ascends 
obliquely forwards in the back wall of the pouch (pp). 
The end which is articulated with the handle of the cross- 
bow is produced into a strong reddish conical tooth (m^), 
curved forwards and bifurcated at the summit ; conse- 
quently, when the cavity of the stomach is insi^ected from 
the fore part of the cardiac pouch (fig. 9, B), the two- 
pointed curved tooth (;mt) is seen projecting behind the 
convex surfaces (f), in the middle line, into the interior 
of that cavity. The joint which connects the handle of the 
crossbow with tlie hinder middle piece is elastic ; hence, 
if the two are straightened out, they return to their bent dis- 
position as soon as they are released. The upper end of 
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tlie hinder middle piece (pp) is connected with a second flat 
transverse plate which lies in the dorsal wall of the pyloric 
chamber (p). The whole arrangement, thus far, may be 
therefore compared to a large cross-bow and a small one, 
with the ends of tlieir handles fastened together by a 
spring joint, in such a manner that the handle of the 
one makes an acute angle with the handle of the other ; 
wdiile the middle of each bow is united with the middle of 
the other by the bent arm formed by the two handles. 
But, in addition to this, the outer ends of the two bows 
are also connected together. A small, curved, calcified 
bar (pc) passes from the outer end of the front crosspiece 
downwards and outwards in the wall of tlie stomach, and 
its hinder and lower extremity is articulated with another 
larger bar (zc) which runs upwards and backwards to 
the hinder or pyloric crosspiece, with which it articulates. 
Internally, this piece projects into the cardiac cavity of 
the stomach as a stout elongated reddish elevation (It), 
the surface of which is produced into a row of strong 
sharp, transverse ridges, which diminish in size from 
before backwards, and constitute a crushing surface 
almost like that of the grinder of an elephant. Thus, 
when the front part of the cardiac cavity is cut away, 
not only are the median teeth already mentioned seen, 
but, on each side of them, there is one of these long 
lateral teeth. 

There are two small pointed teeth, one under each 
of the lateral teeth, and each of these is supported by 
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a broad plate, hairy on its inner surface, which enters 
into the lateral wall of the cardiac chamber. There are 
various other smaller skeletal parts, but the most im- 



Fig. 10. — Asra CVS Jimiat ills. — Longitudinal section of the stomach ( x 4), 
<7, cardiac ossicle; c€p, ca3cum ; c.j;.r,cardio-pyloric valve; cs, cushion- 
shaped surface ; hind-gut ; hp, aperture of right bile duct ; Ip, 
lateral pouch ; It, lateral teeth ; mg, mid-gut ; mt, median tooth ; wn, 
oesophagus ; p, pyloric ossicle ; pterocardiac ossicles ; yyy;, prepy- 
loric ossicle ; VC, urocardiac process ; median pyloric valve; ? 
lateral pyloric valve; position of gastrolith; zc, zygocardiac ossicle. 

pol’tant are those which have been described ; and these, 
from what has been said, will be seen to form a sort of 
hexagonal frame, with more or less flexible joints at the 
angles, and having the anterior and the posterior sides 


THE GASTRIC MILL. 


57 


connected by a bent jointed middle bar. As all these 
parts are merely modifications of the hard skeleton, the 
apparatus is devoid of any power of moving itself. It 
is set in motion, however, by the same substance as that 
which gives rise to all the other bodily movements of 
the crayfish, namely, muscle. The chief muscles which 
move it are four very strong bundles of fibres. Two of 
these are attached to the front crosspiece, and proceed 
thence, upwards and forwards, to be fixed to the inner face 
of the carapace in the front part of the head (figs. 5, 6, 
and 12, acf). The two othei’S, which are fixed into the 
hinder crosspiece and hinder lateral pieces, pass upwards 
and backwards, to be attached to the inner face of the 
cai’apace in the back part of the head (p^). When these 
muscles shorten, or contract, they pull the front and back 
crosspieces further away from one another; consequently, 
the angle between the handles becomes more open and 
the tooth which is borne on them ends travels downwards 
and forwards. But, at the same time, the angle between 
the side bars becomes more open and the lateral tooth 
of each side moves iimards till it crosses in front of the 
middle tooth, and strikes against this and the opposite 
lateral tooth, which has undergone a corresponding change 
of place. The muscles being now relaxed, the elasticity 
of the joints suffices to bring the whole ajiparatus back 
to its first position, when a new contraction brings about 
a new clashing of the teeth. Thus, by the alternate con- 
traction and relaxation of these two pair of muscles, the 
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tliree teeth are made to stir up and crush whatever is 
contained in the cardiac chamber. When the stomach is 
removed and the front part of the cardiac chamber is cut 
away, the front cross-piece may be seized with one pair 
of forceps and the hind cross-piece with another. On 
slightly pulling the two, so as to imitate the action of the 
muscles, the three teeth will be found to come together 
sharply, exactly in the maimer described. 

Works on mechanics are full of contrivances for the 
conversion of motion; but it would, perhaps, be difficult to 
discover among these a prettier solution of the problem ; 
given a straiglit pull, how to convert it into three simul- 
taneous convergent movements of as many points. 

What I have called the ^Iter is constructed mainly out 
of the chitinous lining of the pyloric chamber. The aper- 
ture of communication between this and the cardiac 
chamber, already narrow, on account of the constriction of 
the walls of the stomach at this point, is bounded at the 
sides by two folds ; while, from below, a conical tongue- 
shaped process (figs. 6, 10, and 11, cpv), the surface of 
which is covered with hairs, further obstnicts the opening. 
In the posterior half of the pyloric chamber, its side walls 
are, as it were, pushed in; and, above, they so nearly meet 
in the middle line, that a mere vertical chink is left be- 
tween them ; while even this is crossed by hairs set upon 
the two surfaces. In its lower half, however, each side 
wall curves outwards, and forms a cushion-shaped surface 
(fig. 10, cs) which looks downwards and inwards. If the 
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floor of the pyloric chamber were flat, a wide triangular 
passage would thus he left open in its lower half. But, 
in fact, the floor rises into a ridge in the middle, while, at 
the sides, it adapts itself to the shape of the two cushion- 
shaped surfaces ; the result of which is that the whole 
cavity of the posterior part of the i)3doric division of the 
stomach is reduced to a narrow three-rayed fissure. In 
transverse section, the vertical ray of this fissure is 
straight, while the two lateral ones are concave uj)wards 
(fig. 9, JS), The cushions of the side walls are covered 
with short close-set hairs. The corresponding surfaces 
of the floor are raised into longitudinal parallel ridges, 
the edge of each of which is fringed with very fine hairs. 
As everything which passes from the cardiac sac to the 
intestine must traverse this singular apparatus, only the 
most finely divided solid matters can escape stoppage, so 
long as its walls are kept together. 

Finally, at the opening of the pyloric sac into the 
intestine, the chitinous investment terminates in five 
symmetrically arranged processes, the disposition of 
which is such that they must play the part of valves 
in preventing any sudden return of the contents of the 
intestine to the stomach, while they readily allow of a 
passage the other way. One of these valvular processes 
is placed in the middle line above (figs. 10 and 11, z;^). 
It is longer than the others and concave below. The 
lateral processes of which there are two on each side, 
are triangular and flat. 
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The cuticular lining which gives rise to all the com- 
plicated apparatus which has just been described, must 



Fig. 11. — Astacus flnrwfilu. — View of the roof of the stomach, the 
ventral wall of which, and of the mid-gut, is laid open by a longi- 
tudinal incision ( x 4). On the right side (the left in the figure), 
the lateral tooth is cut away, as well as the floor of the lateral 
pouch. The letters have the same signification as in fig. 10. 

not be confounded witli the proper wall of the stomach, 
which invests it, and to which it owes it origin, just as 
the cuticle of the integument is produced by the soft 
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true skin which lies beneath it. The wall of the stomach 
is a soft pale membrane containing variously disposed 
muscular fibres ; and, beyond the pylorus, it is continued 
into the wall of the intestine. 

It has already been mentioned that the intestine is 
a slender and thin-walled tube, which passes straight 
through the body almost without change, except that it 
becomes a little wider and thicker-'walled near the vent. 
Immediately behind the pyloric valves, its surface is quite 
smooth and soft (figs. 9, 10, and 12, mg)^ and its floor 
presents a relativel}^ large aperture, the termination of 
the bile duct (fig. 12, hd, fig. 10, /ip.), on each side. The 
roof is, as it were, pushed out into a short median pouch 
or cacmi (cce). Behind this, its character suddenly 
changes, and six squarish elevations, covered with a 
chitiiious cuticle, encircle the cavity of the intestine (r). 
From each of these, a longitudinal ridge, corresponding 
with a fold of the wall of the intestine, takes its rise, and 
passes, with a slight spiral twist, to its extremity (kg). 
Each of these ridges is beset with small papillje, and the 
chitinous lining is continued over the whole to the vent, 
'where it passes into the general cuticle of the integu- 
ment, just as the lining of the stomach is continuous 
with the cuticle of the integument at the mouth. The 
alimentary canal may, therefore, be distinguished into 
a fore and a hind-gut (hg), 'which have a thick internal 
lining of cuticular membrane ; and a very short mid- 
gut (mg), 'v\diich has no thick cuticular layer. It will be of 
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importance to recollect this distinction by-and-by, when 
the development of the alimentary canal is considered. 

If the treatment to which the food is subjected in 
the alimentary apparatus were of a purely mechanical 
nature, there would be nothing more to describe in this 
part of the crayfish’s mechanism. But, in order that 
the nutritive matters may be turned to account, and 
undergo the chemical metamorphoses, which eventually 
change them into substances of a totally different cha- 
racter, they must pass out of the alimentary canal into 
the blood. And they can do this only by making their 
way through the walls of the alimentary canal ; to which 
end they must either be in a state of extremely fine 
division, or they must be reduced to the fluid condition. 
In the case of the fatty matters, minute subdivision may 
suffice ; but the am3daceous substances and the insoluble 
protein compounds, such as the fibrin of flesh, must be 
brought into a state of solution. Therefore some sub- 
stances must be poured into the alimentary canal, which, 
when mixed with the crushed food, will play the part 
of a chemical agent, dissolving out the insoluble proteids, 
changing the amyloids into soluble sugar, and convert- 
ing all the proteids into those diffusible forms of protein 
matter, which are known as peptones. 

The details of the processes here indicated, which 
may be included under the general name of d’lffestlon, have 
only quite recentl}^ been carefully investigated in the 
crayfish ; and we have probablj’^ still much to learn about 
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them ; but what has been made out is very interesting, 
and proves that considerable differences exist between 
craj’fishes and the higher animals in this respect. 

The physiologist calls those organs, the function of 
which is to prepare and discharge substances of a special 
character, glands; and the matter which they elaborate 
is termed their secretion. On the one side, glands are 
in relation with the blood, whence they derive the 
materials which they convert into the substances 
characteristic of their secretion ; on the other side, 
they have access, directly or indirectly, to a free surface, 
on to which they pour their secretion as it is formed. 

Of such glands, the alimentary canal of the crayfish 
is provided with a jiair, which are not only of very large 
size, but are further extremely conspicuous, on account 
of their yellow or brown colour. These tw^o glands (figs. 
12 and 13, Ir) are situated beneath, and on each side of, the 
stomach and the anterior part of the intestine, and answ^er 
in jiosition to the glands termed liver and jiancreas in the 
higher animals, inasmuch as they pour their secretion into 
the mid-gut. These glands have hitherto always been re 
garded as the liver y and the name may be retained, though 
their secretion ajipears rather to correspond with the 
pancreatic fluid than with the bile of the higher animals. 

Each liver consists of an immense number of short 
tubes, or ccecay which are closed at one end, but open at 
the other into a general conduit, wiiich is termed their 
duct. The mass of the liver is roughly divided into 




Fig. 13 . — Astacm flmiai\lk.--TLhQ alimentary canal and livers seen from 
above (nat size). M, bile-duct ; cce, caecum ; r.?, cardiac portion of 
«tomaoh, the line pointing to the cardiac ossicle ; hfj, hind-gut ; wy, 
mid-gut ; 2 )c, pterocardiac ossicle ; jfs, pyloric portion of stomach, 
the line pointing to the pyloric ossicle ; r, ridge separating mid-gut 
from hind-gut ; zc, ^gocardiac ossicle. 
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three lobes, one anterior, one lateral, and one posterior ; 
and each lobe has its main duct, into which all the tubes 
com23osing it open. The three ducts unite together into 
a wide common duct {hd), which opens, just behind the py- 
loric valves, into the floor of the mid-gut. Hence the aper- 
tures of the two hepatic ducts are seen, one on each side, 
in this jiart of the alimentary canal when it is laid open 
from above. Every cjecuin of the liver has a thin outer 
wall, lined internally by a layer of cells, constituting what 
is termed an epithelium: and, at the oiienings of the 
hepatic ducts, this eiiithelium passes into a layer of some- 
what similar structure, which lines the mid-gut, and is 
continued through the rest of the alimentar}^ canal, 
beneath the cuticula. Hence the liver may be regarded 
as a much divided side pouch of the mid-gut. 

The epithelium is made up of nucleated cells, which are 
particles of simjfle living matter, or protoplasm, in the 
midst of each of which is a rounded body, which is termed 
the nucleus. It is these cells which are the seat of the 
manufacturing process which results in the formation of 
the secretion ; it is, as it were, their special business to 
form tliat secretion. To this end they are constantly being 
newly formed at the summits of the cseca. As they grow, 
they pass down towards the duct and, at the same time, 
sejDarate into their interior certain si)ecial products, 
among which globules of yellow fatty matter are very 
conspicuous. When these products are fully formed, what 
remains of the substance of the cells dissolves away, and 
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the yellow fluid accumulating in the ducts passes into 
the mid- gut. The yellow colour is due to the globules of 
fat. In the young cells, at the summit of the caeca, 
these are either absent, or very small, whence the part 
appears colourless. But, lower down, small yellow 
granules appear in the cells, and these become bigger 
and more numerous in the middle and lower parts. In 
fact, few glands are better fitted for the study of the 
manner in which secretion is effected than the crayfish’s 
liver. 

We may now consider the alimentary machinery, the 
general structure of which has been explained, in 
action. 

The food, already torn and crushed by the jaws, is 
passed through the gullet into the cardiac sac, and there 
reduced to a still more pulpy state by the gastric mill. 
By degrees, such parts as are sufficiently fluid are 
drained off into the intestine, through the pyloric strainer, 
while the coarser parts of the useless matters are probably 
rejected by the mouth, as a hawk or an owl rejects his 
casts. There is reason to believe, though it is not certainly 
known, that fluids from the intestine mix with the food 
wdiile it is undergoing trituration, and effect the transforma- 
tion of the starchy and the insoluble i)rotein compounds 
into a soluble state. At any rate, as soon as the strained-off 
fluid passes into the mid-gut it must be mixed with the 
secretion of the liver, the action of which is probably 
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similar to that of the pancreatic juice of the higher 
animals. 

The mixture thus produced, which answers to the 
chyle of the higher animals, passes along the intestine, 
and the greater part of it, transuding through the w’alls of 
the alimentary canal, enters the blood, while the rest 
accumulates as dark coloured fieces in the hind gut, and 


S 3 4 



Fig. 14 . — Afstacm ffiiriaiUh . — The corpuscles of the blood (highly mag- 
nified). J S show the changes undergone by a single corpuscle 
during a quarter of an hour ; 0 and 10 are corpuscles killed by 
magenta, and having the nucleus deeply stained by the colouring 
matter, n, nucleus. 


is eventually passed out of the body by the vent. The 
fecal matters are small in amount, and the strainer is 
so efficient that they rarely contain solid particles of 
sensible size. Sometimes, however, there are a good 
many minute fragments of vegetable tissue. 

The blood of which the nutritive elements of the food 
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Lave thus become integral parts, is a clear fluid, either 
colourless, or of a pale neutral tint or reddish hue, which, 
to the naked e3"e, appears like so much water. But if 
subjected to microscopic examination, it is found to con- 
tain innumerable pale, solid particles, or corptiscles, 
which, when examined fresh, undergo constant changes 
of fonn (fig. 14). In fact, they correspond very closely 
with the colourless corpuscles which exist in our own 
blood; and, in its general characters, the crayfish’s 
blood is such as ours would be if it were somewhat 
diluted and deprived of its red corpuscles. In other 
words, it resembles our lymph more than it does our 
blood. Left to itself it soon coagulates, giving rise to a 
pretty firm clot. 

The sinuses, or cavities in which the greater part of 
the blood is contained, are disposed very irregularly in 
the intervals between the internal organs. But there is 
one of especiall}^ large size on the ventral or sternal side 
of the thorax (fig. 15, sc), into which all the blood in the 
body sooner or later makes its wa}". From this sternal 
sinus passages {ai') lead to the gills, and from these again 
six canals (her), pass uj) on the inner side of the inner wall 
of each branchial chamber to a cavity situated in the 
dorsal region of the thorax, termed the pericardium (p), 
into which the^^ open. 

The blood of the crayfish is kept in a state of con- 
stant circulating motion by a immping and distributing 
macliinery, composed of the heart and of the arteries, with 




j. 15 . — Anfacm fvi'infiHs.—A diagraminatic transverse section of 
the thorax through the twelfth somite, showing the course of the 
circulation of the blood ( x 3). arh, the anterior or lower, and 
arh\ 12, the posterior or upper arthrobranchia of the twelfth 
somite ? ar, afferent branchial vessel ; hrVy branchio-cardiac vein ; 
b/jif branchiostegite ; rm, extensor muscles of abdomen; rj), epi- 
meral w^all of thoracic cavity ; et\ efferent branchial vessel ; fufy 
flexor muscles of abdomen ; floor of pericardium ; gti. G, fifth 
thoracic ganglion ; A, heart ; //</, hind-gut ; inferior abdominal 
artery, in cross section ; hf, lateral valvular apertures of heart ; Ir, 
liver ; wy/, indicates the position of the mesophragm by which the 
sternal canal is bounded laterally ; y?, pericardial sinus ; 13, 

podobranchia, and yy?//. i,.’, pleurobranchia of the twelfth somite ; 
w/, sternal artery ; , sui>erior abdominal artery ; fte, sternal canal ; 

t, testis ; XII.. sternum of twelfth somite. The arrows indicate 
the direction of the blood flow. 
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their larger and smaller branches, which proceed from it 
and ramify through the body, to terminate eventually in 
the blood sinuses, which represent the veins of the 
higher animals. 

When the carapace is removed from the middle of the 
region which lies behind the cervical groove, that is, 
when the dorsal or tergal wall of the thorax is taken 
awa}", a spacious chamber is laid open which is full of 
blood. This is the cavity akeady mentioned as the peri- 
cardium (fig. 15, jp), though, as it differs in some respects 
from that which is so named in tlie higher animals, it will 
he better to term it the pcncardial sinus. 

The heart (fig. 15, A), lies in the midst of this sinus. It 
is a thick muscular body (fig. 16), with an irregularly hexa- 
gonal contour when viewed from above, one angle of the 
hexagon being anterior and another posterior. The lateral 
angles of the liexagon are connected by bands of fibrous tis- 
sue (ac) with the walls of the pericardial sinus. Otherwise, 
the heart is free, except in so far as it is kept in ifiace by the 
arteries which leave it and traverse the walls of the peri- 
cardium. One of these arteries (figs. 5, 12, and 16 , saa), 
starting from the hinder part of the heart, of 'which it 
is a sort of continuation, runs along the middle line of 
the abdomen above the intestine, to which it gives ofi* 
many branches. A second large artery starts from a 
dilatation, which is common to it with the foregoing, but 
passing directly downwards (figs. 12 and 15, sa, and fig. 16, 
St. a), either on the right or on the left side of the intestine. 
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traverses the nervous cord (figs. 12 and 16), and di\ides 
into an anterior (fig. 12, sa) and a posterior (iaa) branch, 
both of which run beneath and parallel with that cord. 



Etui' 


Fig. 10. — jUtaciis fluvlai'Wtsf , — ^The heart ( x 4). A, from above ; B, from 
below ; C, from the left side, aa^ antennary artery ; ac, aloe cordis, 
or fibrous bands connecting the heart with the walls of the peri- 
cardial sinus ; bulbous dilatation at the origin of the sternal 
artery ; ha, hepatic artery ; la, lateral valvular apertures ; on^ oph- 
thalmic artery ; s.a, superior valvular apertures ; ».a.a, superior 
abdominal artery ; st,a, sternal artery, in B cut off close to its 
origin. 

A tliird artery runs, from the front part of the heart, 
forwards in the middle line, over the stomach, to the 
eyes and fore part of the head (figs. 6, 12, and IG, oa ) ; 
and two others diverge one on each side of this, and sweep 
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round the stomach to the antennae (aa). Behind these, 
yet two other arteries are given off from the under side of 
the heart, and supply the liver (ha). All these arteries 
branch out and eventually terminate in fine, so-called 
capillary, ramifications. 

In the dorsal wall of the heart two small oval aper- 
tures are visible, provided with valvular lips (fig. 16, 
sa), which open inwards, or towards the internal cavity 
of the heart. There is a similar aperture in each of the 
lateral faces of the heart (la), and two others in its 
inferior face (ia), making six in all. These apertures 
readily admit fluid into the heart, but oppose its exit. 
On the other hand, at the origins of the arteries, there 
are small valvular folds, directed in such a manner as to 
I)crmit the exit of fluid from the heart, while they prevent 
its entrance. 

The walls of the heart are muscular, and, duiing life, 
they contract at intervals with a regular rhythm, in such 
a manner as to diminish the capacity of the internal cavity 
of the organ. The result is, that the blood which it 
contains is driven into the arteries, and necessarily forces 
into their smaller ramifications an equivalent amount of 
the blood which they already contained ; whence, in the 
long run, the same amount of blood passes out of the 
ultimate capillaries into the blood sinuses. From the 
dis]>osition of the blood sinuses, tl)e impulse tlius given 
to the blood which they contain is finally conveyed to the 
blood in the branchiae, and a proportional quantity of that 
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blood leaves the branchife and passes into the sinuses which 
connect them with the pericardial sinus (fig. 15 , hcv)y and 
thence into that cavity. At the end of tlie contraction, 
or systole^ of the heart, its volume is of course diminished 
by the volume of the blood forced out, and the space 
between the walls of the lieart and those of the pericardial 
sinus is increased to the same extent. This sj^ace, how- 
ever, is at once occupied by the blood from the branchia), 
and perhaps by some blood ^vhieli has not passed through 
the branchiffi, though this is doubtful. When the systole 
is over, the diastole follows ; that it to say, the elasticity 
of the walls of the heart and that of the various parts 
which connect it with the walls of the pericardium, bring 
it back to its former size, and the blood in the pericardial 
sinus flows into its cavity by the six apertures. With a 
new systole the same process is repeated, and thus the 
blood is driven in a circular course through all parts of 
the body. 

It will be observed that the branchite are placed in the 
course of the current of blood which is returning to the 
heart; which is the exact contrary of what happens in 
fishes, in which the blood is sent from the heart to the 
branchia?, on its way to the body. It follows, from this 
arrangement, that the blood which goes to the braiichioe 
is blood in which the quantity of oxygen has undergone 
a dimiiiution, and that of carbonic acid an increase, as 
compai’ed with the blood in the lieart itself. For the 
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activity of all the organs, and especially of the muscles, 
is inseparably connected with the absorption of oxygen 
and the evolution of carbonic acid ; and the only source 
from which the one can be derived, and the only recep- 
tacle into which the other can be poured, is the blood 
wdiich bathes and permeates the whole fabric to which it 
is distributed by the arteries. 

The blood, therefore, which reaches the branchia3 has 
lost oxygen and gained carbonic acid ; and these organs 
constitute the apparatus for the elimination of the inju- 
rious gas from the economy on the one hand, and, on the 
other, for the taking in of a new supply of the needful 
“ vital air,’* as the old chemists called it. It is thus that 
the branchite subserve the respiratory function. 

The crayfish has eighteen perfect and two rudimentary 
branchia) in each branchial chamber, the boundaries of 
which have been abeady described. 

Of the eighteen perfect branchiae, six (podobranchicc) are 
attached to the basal joints of the thoracic limbs, from the 
last but one to the second (second niaxillipede) inclusively 
(fig. 4, p. 26, pdb, and fig. 17, A, B) ; and eleven {nrthro- 
hranchice) are fixed to the flexible interarticular mem- 
branes, which connect these basal joints with the parts 
of the thorax to which they are articulated (fig. 4, arb, arh\ 
fig. 17, C). Of these eleven branchiae, two are attached 
to the interarticular membranes of all tlie ambulatory 
legs but the last, (=6) and to those of the inneers and of 
the external maxiliipedes, (=4) anti one to that of the 




Tig. 17. — Aidacuff flu nalilU.^K, one of the podobranchias from the 
outer side ; B, the same from the inner side ; C, one of the arthro- 
branchias ; B, a part of one of the coxopoditie seta) ; E, extremity of 
the same seta ; F, extremity of a seta from the base of the podo- 
branchia ; G, hooked seta of the lamina ; (A — C, x 3 ; D — G, highly 
magnified). base of podobranchia ; coxopoditie setae; 
coxopodite ; Z, lamina, j/Z, plume, and at, stem of podobranchia ; 
t, tubercle on the coxopodite, to which the setae are attached. 
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second maxillipede. The first maxillipede and the last 
ambulatory limb have none. Moreover, where there are 
two aiihrobranchiffi, one is more or less in front of and 
external to the other. 

These eleven arthrobranchiie are all very similar in 
structure (fig. 17, C). Each consists of a stem 'which con- 
tains two canals, one external and one internal, separated 
by a longitudinal partition. The stem is beset with a great 
number of delicate branchial filaments, so that it looks 
like a plume tapering from its base to its summit. Each 
filament is traversed by large vascular channels, which 
break up into a net-work immediately beneath the surface. 
The blood driven into the external canals of the stem (fig. 
16, av) is eventually poured into the inner canal (ev), which 
again communicates 'with the channels (hcv) which lead to 
the pericardial sinus (p). In its course, the blood traverses 
the branchial filaments, the outer investment of each of 
•which is an excessive^ thin chitinous membrane, so that 
the blood contained in them is practically separated by a 
mere film from the aerated water in •wdiich the gills float. 
Hence, an exchange of gaseous constituents readily takes 
place, and as much oxygen is taken in as carbonic acid is 
given out. 

The six podobranchiee, or gills which are attached to 
the basal joints of the legs, j)lay the same part, but differ 
a good deal in the details of their structure from those 
which are fixed to the interarticular membranes. Each con- 
sists of a broad base (fig. 17, A and B ; b) beset with many 
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fine straight hairs, or seta (F), whence a narrow stem {st) 
proceeds. At its upper end this stem divides into two 
parts, that in front, the plume (pi), resembling the free 
end of one of the gills just described, while that behind, 
the lamina (1), is a broad tliin plate, bent upon itself longi- 
tudinally in such a manner that its folded edge lies for- 
wards, and covered with minute hooked setse (G). The 
gill which follows is received into the space included 
between the two lobes or halves of the folded lamina 
(fig. 4, p. 26). Each lobe is longitudinally plaited into 
about a dozen folds. The whole front* and outer face of 
the stem is beset with branchial filaments ; hence, we may 
compare one of these branchice to one of the preceding 
kind, in which the stem has become modified and has 
given oS a large folded lamina from its inner and 
posterior face. 

Thebranchia3 now described are arranged in sets of 
three for each of the thoracic limbs, from the third 
maxillipede to the last but one ambulatory limb, and 
two lor the second maxillipede, tlius making seventeen 
in all (3 X 6 + 2 = 17) ; and, between every two there is 
found a bundle of long twisted hairs (fig. 17, A, cx,s; D and 
E), which are attached to a small elevation (t) on the basal 
joint of each limb. These coxopoditic seta, no doubt, serve 
to prevent the intrusion of jiarasites and other foreign 
matters into tlie brancliial chamber. From the mode 
of attachment of the six branchiee it is obvious that they 
must share in the movements of the basal joints of the 



rLEUROBRANCHI-®, COMPLETE AND RUDIMENTAIIY. 79 

legs ; and that, when the craj^fish walks, they must be 
more or less agitated in the branchial chamber. 

The eighteenth branchia resembles one of the eleven 
artlirobranchise in structure ; but it is larger, and it is 
attached neither to the basal joint of the liindermost ambu- 
latory limb, nor to its interarticular membrane, but to the 
sides of the thorax, above the joint. From this mode ot 
attachment it is distinguished from the others as ii2>lcuro- 
hranchia (fig. 4, 14). 

Finally, in front of this, fixed also to the walls of the 
thorax, above each of the two preceding pairs of ambulatory 
limbs, there is a delicate filament, about a sixteenth of 
an inch long, which has the structure of a branchial 
filament, and is, in fact, a rudimentary pleurobranchia 
(fig. 4, plh. 12, plb. 18). 

The quantity of water which occupies the space left in 
the branchial chamber by the gills is but small, and as 
the respiratory surface offered by the gills is relative!}” 
very large, the air contained in this water must be 
rapidly exhausted, even when the crayfish is quiescent ; 
while, when any muscular exertion takes place, the quan- 
tity of carbonic acid formed, and tlie demand for fresh 
oxygen, is at once greatly increased. For the efficient 
perfonnance of the function of respiration, therefore, the 
water in the branchial chamber must be rajudly renewed, 
and there must be some aiTangement by which the 
supply of fresh water may be x)ro2)ortioned to the 
demand. In many animals, the respiratory smfiice is 
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covered with rapidly vibrating filaments, or cilia, by 
means of which a current of water is kept con- 
tinually flowing over the gills, but there are none of these 
in the craj’fish. The same object is attained, however, in 
another way. The anterior boundary of the branchial 
chamber corresjionds with the cervical groove, which, as 
has been seen, cur\"es downwards and then forwards, 
until it tenninates at the sides of the space occui^ied by 
the jaws. If the branchiostegite is cut away along the 
groove, it will be found that it is attached to the sides of 
the head, which project a little be^^ond the anterior part 
of the thorax, so tliat there is a depression behind the 
sides of the head — just as there is a depression, behind a 
man’s jaw, at the sides of the neck. Between this 
depression in front, the walls of the thorax internally, 
the branchiostegite externally, and the bases of the for- 
ceps and external foot-jaws below, a curved canal is in- 
cluded, by which the branchial cavity opens forwards as by 
a funnel. Attached to the base of the second maxilla 
there is a wide curved plate (fig, 4, 6) which fits 
against the projection of the head, as a shirt collar might 
do, to carry out our previous comparison ; and tliis scoop- 
shaped plate (termed the scapJiognaihite), which is con- 
cave forwards and convex backwards, can be readily 
moved backwards and forwards. 

If a living crayfish is taken out of the water, it will 
be found that, as the w’ater drains away from the branchial 
cavity, bubbles of air are forced out of its anterior opening. 
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Again, if, when a crayfish is resting quietly in the water, 
a little coloured fluid is allowed to run down towards 
the posterior opening of the branchial chamber, it will 
very soon be driven out from the anterior aperture, 
with considerable force, in a long stream. In fact, as 
the scaphognathite vibrates not less tlian three or four 
times in a second, the water in the funnel-shaped front 
passage of the branchial cavity is incessantly baled out ; 
and, as fresh 'water flows in from behind to make up the 
loss, a current is kept constantly flowing over the gills. 
The rapidit}^ of this current naturally depends on the 
more or less quick repetition of the strokes of the 
scaphognathite; and hence, the activity of the respira- 
tory function can be accurately adjusted to the wants of 
the economy. Slow working of the scaphognathite 
answers to ordinary breathing in ourselves, quick working 
to panting. 

A farther self-adjustment of the respiratory apparatus 
is gained by the attachment of the six gills to the basal 
joints of the legs. For, when the animal exerts its 
muscles in walking, these gills are agitated, and thus not 
only bring their own surfaces more largely in contact with 
the water, but produce the same effect upon the other 
gills. 

The constant oxidation which goes on in all jiarts of 
the body not only gives rise to carbonic acid ; but, so far 
as it affects the proteinaceous constituents, it produces 
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compounds which contain nitrogen, and these, like other 
waste products, must be eliminated. In the higher 
animals, such waste products take the form of urea, uric 
acid, hippuric acid, and the like; and are got rid of by 
the kidneys. We may, therefore, expect to find some 
organ which plays the part of a kidney in the crayfish ; 
but the position of the structure, which there is much 
reason for regarding as the representative of the kidne}’', 
is so singular that very different interpretations have 
been put upon it. 

On the basal joint of each antenna it is easy to see a 
small conical eminence with an opening on the inner side 
of its summit (fig. 18 ). The aperture (x) leads by a 
short canal into a spacious sac, with extremely delicate 
walls (s), which is lodged in the front part of the head, in 
front of and below the cardiac division of the stomach (cs). 
Beneatli this, in a sort of recess, which corresponds with 
the epistoma, and with the base of the antenna, there is a 
discoidal body of a dull green colour, in shape somewhat 
like one of the fruits of the mallow, which is known as 
the green gland (gg). The sac narrows below like a wide 
funnel, and the edges of its small end are continuous with 
the walls of the green gland ; they surround an aperture 
■which leads into the interior of the latter structure, and 
convej^s its products into the sac, whence they are excreted 
by the opening in the antennary papilla. The green gland 
is said to contain a substance termed guanin (so ns^med 
because it is found in the giiano vrhich is the accumulated 
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excrement of birds), a nitrogenous body analogous in 
some respects to uric acid, but less liigbly oxidated ; 



Fig. 18 . — Asiacvs fluviaillis, — A, the anterior part of the body, with 
the dorsal portion of the carapace removed to show the position of 
the green glands ; B, the same, with the left side of the carapace 
removed ; C, the g^een gland removed from the body (all x 2). 
og, left anterior gastric muscle ; r, circiimcesophageal commis- 
sures ; cs, cardiac portion of stomach ; gg, green gland, exposed 
in A on the left side by the removal of its sac ; ima^ inter- 
maxillary or cephalic apodeme ; cesophagus seen in transverse 
section in A, the stomach being removed ; s, sac of green gland ; 
X, bristle passed from the aperture in the basal joint of the antenna 
into the sac. 


and if this be the case, there can be little doubt that 
the green gland represents the kidney, and its secretion 
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the urinary fluid, while the sac is a sort of urinary 
bladder. 

Restricting our attention to the idienomena which have 
now been described, and to a short period in tlie life of 
the crayfish, the body of the animal may be regarded 
as a factory, jirovided with various pieces of machinerj^ 
by means of which certain nitrogenous and other matters 
are extracted from the animal and vegetable substances 
which serve for food, are oxidated, and are then delivered 
out of the factory in the shape of carbonic acid gas, 
guanin, and probably some other products, witli which 
we are at present unacquainted. And there is no doubt, 
that if the total amount of products given out could be 
accurately weighed against the total amount of materials 
taken in, the weight of the two would be found to be 
identical. To put the matter in its most general shape, 
the body of the crayfish is a sort of focus to which certain 
material particles converge, in which they move for a 
time, and from which they are afterwards expelled in new 
combinations. The parallel between a whirlpool in a 
stream and a living being, which has often been drawn, is 
as just as it is striking. The whirlpool is permanent, 
but the particles of water which constitute it are in- 
cessantly changing. Those which enter it, on the one 
side, are whirled around and temporarily constitute a part 
of its individuality; and as they leave it on the other 
side, their places are made good by new comers. 



THE WHIRLPOOL OF LIFE. 


85 


Those who have seen the wonderful whirlpool, three 
miles below the Falls of Niagara, will not have forgotten 
the heaped-uj) wave which tumbles and tosses, a very 
embodiment of restless energy, where the swift stream 
hurrying from the Falls is compelled to make a sudden 
turn towards Lake Ontario. However changeful in the 
contour of its crest, this wave has been visible, approxi- 
mately in the same place, and with the same general 
form, for centuries past. Seen from a mile off, it would 
appear to be a stationary hillock of water. Viewed closety, 
it is a typical expression of the conflicting impulses 
generated by a swift rush of material particles. 

Now, with all our appliances, we cannot get within 
a good mail}" miles, so to speak, of the crayfish. If we 
could, we should see that it Avas nothing but the constant 
form of a similar turmoil of material molecules which 
are constantly floAving into the animal on the one side, 
and streaming out on the otlicr. 

The chemical changes AAdiich take place in the body of 
the crayfish, are doubtless, like other chemical changes, 
accompanied by the evolution of heat. But the amount 
of heat thus generated is so small and, in consequence 
of the conditions under AAdiich the crayfish lives, it is so 
easily carried aAvay, that it is practically insensible. The 
crayfish has ai^proximately the temperature of the sur- 
rounding medium, and it is, therefore, reckoned among 
the cold-blooded animals. 

If our investigation of the results of the process of 
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alimentation in a well-fed Crayfish were extended over a 
longer time, say a year or two, we should find that the 
products given out were no longer equal to the materials 
taken in, and the balance would be found in the increase 
of the animars weight. If we inquired how the balance 
was distributed, we should find it partly in store, chiefly 
in the shape of fat ; while, in part, it had been spent in 
increasing the ]3lant and in enlarging the factoiy. That 
is to say, it would have supplied the material for the 
animal’s growth. And this is one of the most remark- 
able respects in which the living factory differs from 
those which we construct. It not only enlarges itself, 
but, as we have seen, it is capable of executing its own 
repairs to a veiy considerable extent. 



CHAPTER in. 


THE PHYSIOLOGY OP THE CRAYFISH THE MECHANISM BY 

WHICH THE LIVING ORGANISM ADJUSTS ITSELF TO 
SURROUNDING CONDITIONS AND REPRODUCES ITSELF. 

Ip the hand is brought near a vigorous crayfish, free 
to move in a large vessel of water, it will generally give 
a vigorous flap with its tail, and dart backwards out of 
reach ; but if a piece of meat is gently lowered into 
the vessel, the crayfish wdll sooner or later apiiroach and 
devour it. 

If we ask why the cra3-fish behaves in this fashion, 
eveiy one has an answer ready. In the first case, it is 
said that the animal is aware of danger, and therefore 
hastens away ; in the second, that it knows that meat is 
good to eat, and therefore walks towards it and makes a 
meal. And nothing can seem to be simpler or more 
satisfactory than these rexflies, until we attempt to con- 
ceive clearly what they mean ; and, then, the exj)lanation, 
however simple it may be admitted to be, hardly retains 
its satisfactory character. 

For example, when we say that the crayfish is aware 
of danger,” or knows that meat is good to eat,” what 
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do we mean by ‘'being aware” and “knowing”? 
Certainly it cannot be meant tliat tlie crayfish says to 
himself, as we do, “This is dangerous,” “Tluit is nice ; ” 
for the crayfish, being devoid of language, has nothing to 
say either to himself or any one else. And if the cray- 
fish has not language enough to construct a proposition, 
it is obviously out of the question that his actions should 
be guided by a logical reasoning process, such as that 
by which a man 'would justify similar actions. The 
crayfish assuredly does not first frame the syllogism, 
“Dangerous things are to be avoided; that hand is 
dangerous ; tlierefore it is to be avoided ; ” and then act 
upon the conclusion thus logically drawn. 

But it may be said that children, before they acquire 
the use of language, and we ourselves, long after we are 
familiar with conscious reasoning, perform a great variety 
of perfectly rational acts unconsciously. A child grasps 
at a sweetmeat, or cowers before a threatening gesture, 
before it can speali ; and any one of us would start back 
from a chasm opening at our feet, or stoop to pick up a 
jewel from the ground, “without thinking about it.” 
And, no doubt, if the crayfish has any mind at all, his 
mental operations must more or less resemble those which 
the human mind performs without giving them a spoken 
or unspoken verbal embodiment. 

If we analyse these, we shall find that, in many cases, 
distinctly felt sensations are followed by a distinct desire 
to perfonn some act, which act is accordingly performed ; 
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while, in other cases, the act follows the sensation with- 
out one being aware of any other mental process ; and, 
in yet others, there is no consciousness even of the sensa- 
tion. As I wrote these last words, for example, I had 
not the slightest consciousness of any sensation of hold- 
ing or guiding the pen, although my fingers were caus- 
ing that instrument to perform exceedingly complicated 
movements. Moreover, exjieriments upon animals have 
j^roved that consciousness is wholly unnecessary to the 
carrying out of many of those combined movements by 
which the body is adjusted to varying external conditions. 

Under these circumstances, it is really quite an oi)en 
question whether a crayfish has a mind or not; more- 
over, the i)roblem is an absolutely insoluble one, inas- 
much as nothing short of being a crayfish would give us 
positive assurance that such an animal jjossesses con- 
sciousness ; and, fiuiilly, supi)osing the crayfish has a 
mind, that fact does not explain its acts, but only shows 
that, in the course of their accomplishment, they are 
accompanied by phenomena similar to those of which 
w^e are aware in ourselves, under like circumstances. 

So we may as well leave this question of the crayfish’s 
mind on one side for the present, and turn to a more 
profitable investigation, namely, that of the order and 
connexion of the physical phenomena wdiich intervene 
between something which happens in the neighbourhood 
of the animal and that other something which responds 
to it, as an act of the crayfish. 
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Whatever else it may be, this animal, so far as it is 
acted upon by bodies around it and reacts on them, is a 
j>iece of mechanism, the internal works of which give rise 
to certain movements when it is affected by particular 
external conditions ; and tlie}^ do this in virtue of their 
physical properties and connexions. 

Every movement of the body, or of any organ of the 
body, is an effect of one and the same cause, namely, 
muscular contraction. AVhether the crayfish swims or 
walks, or moves its antenn©, or seizes its prey, the imme- 
diate cause of the movements of the parts which bring 
about, or constitute, these bodily motions is to be sought 
in a change which takes place in the flesh, or muscle, 
which is attached to them. The change of place which 
constitutes any movement is an effect of a previous 
change in the disposition of the molecules of one 
or more muscles ; while the direction of that move- 
ment depends on the connexions of the parts of the 
skeleton with one another, and of the muscles with 
them. 

The muscle of the cra^^fish is a dense, white substance ; 
and if a small portion of it is subjected to examination it 
will be found to be very easily broken up into more 
or less parallel bundles of fine fibres. Each of these 
fibres is generally found to be ensheathed in a fine trans- 
parent membrane, which is called tlie sarcolemma, within 
which is contained the j)roper substance of the muscle. 
When quite fresh and living, this substance is soft and 
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semi-fluid, but it li8.rdeiis and becomes solid immediately 
after death. 

Examined, with high magnifying powers, in this 


n. 



Fig. 10. — Astfacus a single muscular fibre; transveise 
diainetor of an inch; B, a portion of the same more highly 
magnified ; C, a smaller portion still more highly magnified ; 
D and E, the splitting up of a part of fibre into fibrillas ; F, the 
connexion of a nervous with a muscular fibre which has been 
treated with acetic acid, a, darker, and b, clearer portions of the 
fibril! ro : w, nucleus of sarcolerama ; wr, nerve fibre; j?, sarcolemma; 
f, tendon; 1 — 5, successive dark bands answering to the darker 
portions, a, of each fibril la. 
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condition, the muscle-substance appears marked by very 
regular transverse bands, which are alternately opaque 
and transparent ; and it is characteristic of the group of 
animals to which the crayfish belongs that their muscle- 
substance has this striped character in all jiarts of the 
body. 

A greater or less number of these fibres, united into one 
or more bundles, constitutes a muscle ; and, except when 
these muscles surround a cavity, they are fixed at each 
end to the hard parts of the skeleton. The attachment 
is frequently effected by the intermediation of a dense, 
fibrous, often chitinous, substance, which constitutes the 
tendon (fig. 19, A ; t) of the muscle. 

The property of the living muscle, which enables it to 
be the cause of motion, is this : Every muscular fibre is 
capable of suddenl}^ changing its dimensions, in such a 
manner that it shortens and becomes proportionately 
thicker. Hence the absolute bulk of the fibre remains 
I^ractically unchanged. From this circumstance, muscular 
contraction, as the change of form of a muscle is called, 
is radically different from the process which commonly 
goes by the same name in other things, and which 
involves a diminution of bulk. 

The contraction of muscle takes place with great force, 
and, of course, if the parts to which its ends are fixed 
are both free to move, they are brought nearer at the 
moment of contraction : if one only is free to move that 
is approximated to the fixed part ; and if the muscular 
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fibre surrounds a cavity, the cavity is lessened when the 
muscle contracts. This is the whole source of motor 
power in the craj^fish machine. The results produced 
by the exertion of that power depend upon the manner 



Fig. 20 . — Astacus fluviatilis,’--The of the forccpg, with one side 

cut away to show, in A, the muscles, in B, the tendons ( x 2 ). 

carpopodite ; propodite ; dj)^ dactylopodite ; 7;/, adductor 
muscle ; m\ abductor muscle ; f, tendon of adductor muscle ; if, 
tendon of abductor muscle ; x, hinge. 

in which the parts to which the muscles are attached 
are connected with one another. 

One example of this has already been given in the 
curious mechanism of the gastric mill. Another may be 
found in the chela which terminates the forcejis. If the 
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articulation of the last joint (fig. 20, dp) with the one which 
precedes it {p^rp) is examined, it will he found that the 
base of the terminal segment {dp) turns on two hinges (a?), 
formed by the hard exoskeleton and situated at opposite 
lioints of the diameter of tlie base, on the penultimate 
segment; and these hinges are so disposed that the 
last joint can be moved only in one plane, to or from 
the produced angle of the penultimate segment (prp), 
which fonns the fixed claw of the chela. Between the 
hinges, on both the inner and the outer sides of the 
articulation, the exoskeleton is soft and flexible, and 
allow’S the terminal segment to play easily through a 
certain arc. It is by this arrangement that the direction 
and the extent of the motion of the free claw of the chela 
are determined. The source of the motion lies in the 
muscles which occupy the interior of the enlarged penul- 
timate segment of the limb. Two muscles, one of very 
great size {m), the other smaller (m'), are fastened by 
one end to the exoskeleton of this segment. The fibres of 
the larger muscle converge to be fixed into the t^vo sides 
of a long flat process of the chitinous ciiticula, on the 
inner side of the base of the terminal segment, which 
serves as a tendon (t) ; w’hile those of tlie smaller muscle 
are similarly attached to a like process which proceeds 
from the outer side of the base of the terminal seg- 
ment (t^). It is obvious that, when the latter muscle 
shortens it must move the apex of the terniinal seg- 
ment (dp) away from the end of the fixed chnv ; while. 
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when the former contracts, the end of the terminal 
segment is brought towards that of the fixed claw, 

A living crayfish is able to perform very varied move- 
ments with its pincers. When it swims backwards, these 
limbs are stretched straight out, parallel with one another, 
in front of the head; when it walks, they are usually 
carried like arms bent at the elbow, the forearm ” 
partly resting on the ground ; on being imtated, the 
crayfish sweeps the pincers round in any direction to 
grasp the offending body ; when prey is seized, it is at 
once conveyed, with a circular motion, towards the region 
of the mouth. Nevertheless, these very varied actions 
are all brought about by a combination of simple flexions 
and extensions, each of which is efiected in the exact 
order, and to the exact extent, needful to bring the chela 
into the position required. 

The skeleton of the stem of the limb which bears the 
chela is, in fact, divided into four moveable segments ; 
and each of these is articulated 'with the segments on 
each side of it by a hinge of just the same character as 
that which connects the moveable claw of the chela with 
the penultimate segment, while the basal segment is 
similarly articulated with the thorax. 

If the axes of all these articulations * 'were parallel, it is 
obvious that, though the limb might be moved as a whole 
through a considerable arc, and might be bent in various 

* By axis of the articulation is meant a line drawn through the pair 
of hinges which constitute it. 
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degrees, j^et all its movements would be limited to one 
plane. But, in fact, the axes of the successive articula- 
tions are nearly at right angles to one another ; so that, 
if the segments are successively either extended or 
flexed, the chela describes a very complicated curve ; 
and by varying the extent of flexion or extension of 
each segment, this curve is susceptible of endless varia- 
tion. It would probably puzzle a good mathematician 
to say exactly what position should be given to each 
segment, in order to bring the chela from anj^ given 
position into any other; but if a lively crayfish is 
incautiously seized, the experimenter will find, to his 
cost, that the animal solves the problem both rapidly 
and accurately. 

The mechanism by which the retrograde swimming of 
the crayfish is effected, is no less easily analysed. The 
apparatus of motion is, as we have seen, the abdomen, 
with its terminal five-pointed flapper. The rings of the 
abdomen are articulated together by joints (fig. 21, x ) 
situated a little below the middle of the height of the 
rings, at opposite ends of transverse lines, at right 
angles to the long axis of the abdomen. 

Each ring consists of a dorsal, arched portion, called the 
tergum (fig. 21 ; fig. 36, p. 142, t. XIX), and a nearly flat 
ventral portion, wdiich is the sternum (fig. 86, sL XIX). 
Where these two join, a broad plate is sent down on 
each side, which overlai^s the bases of the abdominal 
appendages, and is known as the 2 )leiiron (fig. 36, pZ. XIX). 
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The sterna are all very nan*ow, and are connected 
together by wide spaces of flexible exoskeleton. 

When the abdomen is made straight, it will be found 
that these interstemal membranes are stretched as far 
as they will yield. On the other hand, when the abdomen 



Fig. 21 . — Asiacus fluviatilh . — Two of the abdominal somites, in vertical 
section, seen from the inner side, to show x , x , the hinges by 
which they are articulated with one another ( x 3). The anterior 
of the two somites is that to the right of the figure. 

is bent up as far as it will go, the sterna come close 
together, and the interstemal membranes are folded. 

The terga are very broad ; so broad, in fact, that each 
overlaps its successor, when the abdomen is straightened 
or extended, for nearly half its length in the middle 
line ; and the overlapped surface is smootli, convex, and 



98 THE PHYSIOLOGY OF THE COmON CRAYFISH. 


marked off by a transverse groove from the rest of the 
tergum as an mticidar facet The front edge of the 
articular facet is continued into a sheet of flexible cuti- 
cula, which turns back, and passes as a loose fold to the 
hinder edge of the overlapping tergum (fig. 21). This 
tergal interarticiilar membrane allows the terga to move as 
far as they can go in flexion ; whilst, in extreme exten- 
sion, they are but slightly stretched. But, even if the in- 
tersternal membranes presented no obstacle to excessive 
extension of the abdomen, the posterior free edge of each 
tergum fits into the groove behind the facet in the next 
in such a manner, that the abdomen cannot be made more 
than very slightly concave upwards without breaking. 

Thus the limits of motion of the abdomen, in the 
vertical direction, ai’e from the position in w^hich it is 
straight, or has even a veiy slight upward concavity, to 
that in which it is completely bent upon itself, the telson 
being brought under the bases of the hinder thoracic 
limbs. No lateral movement between the somites of the 
abdomen is possible in any of its positions. For, when 
it is straight, lateral movement is hindered not only by 
the extensive overlajiping of the tei'ga, but also by the 
manner in which the hinder edges of tlie pleura of each 
of the four middle somites overlap the front edges oi 
their successoi's. The pleura of the second somite are 
much larger than any of the others, and their front edges 
overlap the small ideura of the first abdominal somite : 
and when the abdomen is much flexed, these pleura evei 
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ride over the posterior edges of the branchiostegites. In 
the position of extension, the overlap of the terga is great, 
while that of the pleura of tlie middle somites is snail. 
As the abdomen passes from extension to flexion, the 
overlap of the terga of course diminishes; but an}’’ de- 
crease of resistance to lateral strains whicdi may thus 
arise, is compensated by the increasing overlap of the 
pleura, which reaches its maximum when the abdomen 
is completely flexed. 

It is obvious that longitudinal muscular fibres fixed 
into the exoskeleton, above the axes of the joints, must 
bring the centres of the terga of the somites closer 
together, when they contract ; while muscular fibres 
attached below the axes of the joints must approximate 
the sterna. Hence, the former will give rise to extension, 
and the latter to flexion, of the abdomen as a whole. 

Now there are two iiairs of very considerable muscles 
disposed in this manner. The dorsal pair, or the exten- 
sors of the abdomen (fig. 22, e.m), are attached in front 
to the side walls of the thorax, thence pass backwards 
into the abdomen, and divide into bundles, -which are 
fixed to the inner surfaces of the terga of all the somites. 
The other pair, or the Jlexors of the abdomen {/•in) consti- 
tute a very much larger mass of muscle, the fibres of 
wdiich are curiously twisted, like the strands of a rope. 
The front end of this double rope is fixed to a series of 
processes of the exoskeleton of the thorax, called apode- 
viata, some of which roof over the sternal blood-sinuses 
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and the thoracic part of the nervous sj^stem ; while, in the 
abdomen, its strands are attached to the sternal exoske- 
leton of all the somites and extend, on each side of the 
rectum, to the telson. 

When the exoskeleton is cleaned by maceration, the 


e:ai. add.m 



Fia. 22. — Astacus Jfm'iatHh.—K longitudinal section of the body to 
show the principal muscles and their relations to the exoskeleton 
(nat. size), a, the vent ; add.m, adductor muscle of mandible ; 
C.W, extensor, and /.?/?, flexor muscle of abdomen ; ojsophagus ; 
2 )rp, procephalic process ; the two segments of the telson ; 
xv—-xXt the abdominal somites ; the appendages ; x , x , 

hinges between the successive abdominal somites. 

abdomen has a slight curve, dependent upon the form and 
the degree of elasticity possessed by its different parts ; 
and, in a living craj^fish at rest, it will be observed that 
the curvature of the abdomen is still more marked. 
Hence it is ready either for extension or for flexion. 

A sudden contraction of the flexor muscles instantly 
increases the ventral curvature of the abdomen, anc 



THE INFLUENCE OF NERVE ON MUSCLE. 


101 


throws the tail fin, the two side lobes of which are 
spread out, forwards ; while the body is propelled back- 
wards by the reaction of the water against the stroke. 
Then the flexor muscles being relaxed, the extensor 
muscles come into play ; the abdomen is straightened, but 
less violently and with a far weaker stroke on the water, 
in consequence of the less strength of the extensors and of 
the folding up of the lateral plates of the fin, until it 
comes into the position requisite to give full force to a 
new downward and forward stroke. The tendency of the 
extension of the abdomen is to drive the body forward ; 
but from the comparative weakness and the obliquity of 
its stroke, its practical effect is little more than to check 
the backward motion conferred upon the body by the 
flexion of the abdomen. 

Tims, every action of the crayfish, which involves 
motion, means the contraction of one or more muscles. 
But what sets muscle contracting ? A muscle freshly 
removed from the body may be made to contract in 
various ways, as b}^ mechanical or chemical irritation, or 
by ail electrical shock ; but, under natural conditions, 
there is only one cause of muscular contraction, and that 
is the activity of a nerve. Every muscle is supplied with 
one or more nerves. These are delicate threads which, 
on microscopic examination, prove to be bundles of fine 
tubular filaments, filled with an apparently structureless 
substance of gelatinous consistency, the nerve fibres 
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(fig. 23). The nerve bundle which passes to a muscle 
breaks up into smaller bundles and, finallj^ into sejiarate 
fibres, each of which ultimately terminates by becoming 
continuous with the substance of a muscular fibre fig. 19, 
F.) Now the peculiarit}’' of a muscle nerve, or motor 
nerve, as it is called, is that irritation of the nerve fibre at 
any part of its length, however distant from the muscle. 


7& 



Fig. 23 . — Astamsi flimatills , — ^Thrce nerve fibres, with the connective 
tissue in which they arc imbedded. (Magnified about 250 dia- 
meters.) nuclei. 

brings about muscular contraction, just as if the muscle 
itself were irritated. A change is produced in the mole- 
cular condition of the nerve at the point of irritation; 
and this change is pro];)agated along the nerve, until it 
reaches the muscle, in which it gives rise to that change 
in the arrangement of its molecules, the most obvious 
effect of which is the sudden alteration of form which we 
call muscular contraction. 

If we follow the course of the motor nerves in a 
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direction away from the muscles to w'hicli they are dis- 
tributed, they will be found, sooner or later, to terminate 
in ganglia (fig. 24 A. gl.c ; fig. 25, gn. 1 — 13.) A gan- 
glion is a body which is in great measure composed of 



Fig. 21.— a, one of the (double) abdominal gan- 
glia, with the nerves connected with it { x 25) ; B, a nerve cell or 
ganglionic corpuscle ( x 250). sheath of the nerves ; c, sheath 
of the ganglion ; co, co\ commissural cords connecting the ganglia 
with those in front, and those behind them. r/Z.c. points to the 
ganglionic corpuscles of the ganglia ; n, nerve fibres. 

nerve fibres ; but, interspersed among these, or disposed 
around them, there are peculiar structures, which are 
termed ganglionic corjmsclcs, or 7 iervc cells (fig. 24, B.) 
These are nucleated cells, not unlike the epithelial cells 
which have been already mentioned, but which are larger 



i 



Fig. 2o,---Agta(yus central nervous pystcm seen from 

above (nat. size). «, vent ; an, antennary nerve ; a'n, antennulary 
nerve; 6*, circumoesophageal commissures ; gn. 1, supraocsophageal 
ganglion ; gn. 2, infraoesophageal ganglion ; gn. (>, fifth thoracic 
ganglion ; gn, 7, last thoracic ganglion ; gn. IJl, last abdominal gang- 
lion ; ces, oesophagus in cross section ; on, optic nerve; sa, sternal 
artery in cross section ; sgn, stomatogastric nerve. 
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and often give off one or more processes. These pro- 
cesses, under favourable circumstances, can be traced 
into continuity with nerve fibres. 

Tlie chief ganglia of the crayfish are disposed in a 
longitudinal series in the middle line of the ventral 
aspect of the body close to the integument (fig. 25). 
In tlie abdomen, for examjile, six ganglionic masses aro 
readily observed, one lying over the sternum of each 
somite, connected by longitudinal bands of nerve fibres, 
and giving off branches to the muscles. On careful ex- 
amination, the longitudinal connecting bands, or 
missures (fig. 24, co), are seen to be double, and each 
mass appears slightly bilobed. In the thorax, there are 
six, larger, double ganglionic masses, likewise connected 
by double commissures ; and the most anterior of these, 
which is the largest (fig. 25, gn, 2), is marked at tlio 
sides by notches, as if it were made up of several pairs 
of ganglia, run together into one continuous whole. 
In front of this, two commissures (c) pass forwards, 
separating widely, to give room for the gullet (orb), wiiich 
passes between them ; while in front of the gullet, just 
behind the eyes, they unite with a transversely elongated 
mass of ganglionic substance Q/a. 1), termed the brain, or 
cerebral ganglion. 

All the motor nerves, as has been said, are traceable, 
dhectly or indirectly, to one or other of these thirteen 
sets of ganglia ; but other nerves are given oft* from the 
ganglia, which cannot be followed into any muscle. In 
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fact, tliese nerves go either to the integument or to the 
organs of sense, and they ai’e termed sensoiy nerves. 

When a muscle is connected by its motor nerve with 
a ganglion, irritation of that ganglion will bring about 
the contraction of the muscle, as well as if the motor 
nerve itself were irritated. Not only so ; but if a sensory 
nerve, which is in connexion with the ganglion, is irritated, 
the same effect is produced ; moreover, the sensory nerve 
itself need not be excited, but the same result will 
take i)lace, if the organ to which it is distributed is 
stimulated. Thus the nervous system is fundamentally 
an apparatus b}' which two separate, and it may be dis- 
tant, parts of the body, are brought into relation with 
one another ; and this relation is of si^ch a nature, that 
a cliange of state arising in the one part is followed by 
the propagation of changes along the sensory nerve to the 
ganglion, and from the ganglion to the other part ; where, 
if that part happens to be muscle, it produces contraction. 
If one end of a rod of w’ood, twenty feet long, is applied 
to a sounding-board, the sound of a tuning-fork held 
against the opposite extremity will be very plainly heard. 
Nothing can be seen to hapj)en in the wood, and yet 
its molecules are certainly set vibrating, at the same 
rate as the tuning-fork vibrates ; and when, after 
travelling rapidly along the wood, these vibrations 
affect the sounding-board, they give rise to vibrations 
of the molecules of the air, which reaching the ear, are 
converted into an audible note. So in the nerve tract : 
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no apparent change is effected in it by the irritation at 
one end; but the rate at which the molecular change 
produced travels can be measured ; and, when it reaches 
the muscle, its effect becomes visible in the change of 
form of the muscle. The molecular change would take 
I)lace just as much if there were no muscle connected 
with the nerve, but it would be no more apparent to 
ordinary observation than the sound of the tuning-fork 
is audible in the absence of the sounding-board. 

If the nervous S3"stem were a mere bundle of nerve 
fibres extending between sensory organs and muscles, 
every muscular contraction w’^ould require the stimulation 
of that special j^oint of the surface on which the ajqu’o- 
priate sensoiy nerve ended. The contraction of several 
muscles at the same time, that is, the combination of 
movements towards one end, would be possible only if the 
appropriate nerves were severally stimulated in the proper 
order, and eveiy movement would be the direct result of ex- 
ternal changes. The organism would be like a piano, which 
may be made to give out the most comj)licated harmonies, 
but is dependent for their production on the depression 
of a separate key for every note that is sounded. But it 
is obvious that the crayfish needs no such separate 
impulses for the performance of highly complicated 
actions. The simple impression made on the organs of 
sensation in the two exami)les with which we started, 
gives rise to a train of complicated and accuratelj” co- 
ordinated muscular contractions. To cany the analogy 
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of the musical instrument further, striking a single key 
gives rise, not to a single note, but to a more or less 
elaborate tune ; as if the hammer struck not a single 
string, but pressed down the stop of a musical box. 

It is in the ganglia that we must look for tfle analogue 
of the musical box. A single impulse conveyed by a 
sensory nerve to a ganglion, may give rise to a single 
muscular contraction, but more commonly it originates a 
series of such, combined to a definite end. 

The effect which results from the propagation of an 
impulse along a nerve fibre to a ganglionic centre, whence 
it is, as it were, reflected along another nerve fibre to a 
muscle, is what is termed a reflex action. As it is by no 
means necessary that sensation should be a concomitant 
of the first impulse, it is better to term the nerve fibre 
which carries it afferent rather than sensory ; and, as 
other phenomena besides those of molar motion may be 
the ultimate result of the reflex action, it is better to 
term the nerve fibre which transmits the reflected im- 
pulse efferent rather than motor. 

If the nervous commissures between the last thoracic 
and the first abdominal ganglia are cut, or if the thoracic 
ganglia are destroyed, the crayfish is no longer able to 
control the movements of the abdomen. If the forepart 
of the body is irritated, for example, the animal makes 
no effort to escape by swimming backwards. Never- 
theless, the abdomen is not paralysed, for, if it be irri- 
tated, it will flap vigorousl}". This is a case of pure 
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reflex action. The stimulus is conveyed to the abdo- 
minal ganglia through afferent nerves, and is reflected 
from them, by efferent nerves, to the abdominal muscles. 

But this is not all. Under these circumstances it will 
be seen that the abdominal limbs all swing backwards 
and forwards, simultaneously, with an even stroke ; while 
the vent opens and shuts with a regular rhythm. Of 
course, these movements imifly correspondingly regular 
alternate contractions and relaxations of certain sets of 
muscles; and these, again, imply regularly recurring 
efferent impulses from the abdominal ganglia. The fact 
that these impulses ]iroceed from the abdominal ganglia, 
may be shown in two ways : first, by destroying these 
ganglia in one somite after another, when the move- 
ments in each somite at once permanently cease ; and, 
secondly, by irritating the surface of the abdomen, when 
the movements are temporarily inhibited by the stimula- 
tion of the afferent nerves. Whether these movements are 
projierly reflex, that is, arise from incessant new afferent 
impulses of unknown origin, or whether they depend on the 
periodical accumulation and discharge of nervous energy in 
the ganglia themselves, or upon periodical exhaustion and 
restoration of the irritability of the muscles, is unknown. 
It is sufficient for the present purpose to use the facts as 
evidence of the ];)eculiar co-ordinative function of ganglia. 

The craj'fish, as we have seen, avoids light; and the 
slightest touch of one of its antenna) gives rise to active 
motions of the whole body. In fact, the animars posi- 
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tion and movements are largely determined by the in- 
fluences received through the feelers and the eyes. These 
receive their nerves from the cerebral ganglia ; and, as 
might be expected, when these ganglia are extii'pated, 
the crayfish exhibits no tendency to get away from the 
light, and the feelers may not only be touched, but 
sharply pinched, without efiect. Clearl}”, therefore, the 
cerebral ganglia serve as a ganglionic centre, by which 
the afferent impulses derived from the feelers and the 
eyes are transmuted into efferent impulses. Another 
very curious result follows upon the extirpation of the 
cerebral ganglia. If an uninjured crayfish is placed upon 
its back, it makes unceasing and well-directed efforts to 
turn over; and if everything else fails, it will give a 
powerful flap with the abdomen, and trust to the chapter 
of accidents to turn over as it darts back. But the 
brainless cra3^fish behaves in a very different way. Its 
limbs are in incessant motion, but they are “ all abroad ; ’’ 
and if it turns over on one side, it does not seem able 
to steady itself, but rolls on to its back again. 

If anything is put between the chelas of an uninjured 
crayfish, while on its back, it either rejects the object at 
once, or tries to make use of it for leverage to turn over. 
In the brainless crayfish a similar operation gives rise to 
a very curious spectacle.* If the object, whatever it be 

* My attention was first drawn to these phenomena by my friend 
Dr. M. Foster, F.R.S., to whom I had suggested the desirableness of 
an experimental study of the nerve physiology of the crayfish. 
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— a bit of metal, or wood, or paper, or one of the aiii- 
mal’s own antennae — is placed between the chela) of the 
forceps, it is at once seized by them, and carried baclv- 
wards ; the chelate ambulatory limbs are at the same 
time advanced, the object seized is iransferred to them, 
and they at once tuck it between the external maxiili- 
pedes, which, with the other jaws, begin vigorously to 
masticate it. Sometimes the morsel is swallowed; 
sometimes it passes out between the anterior jaws, as if 
deglutition were difficult. It is very singular to observe 
that, if the morsel which is being conveyed to the mouth 
by one of the forceiis is pulled back, the forcejis and the 
chelate ambulatory limbs of the other side are at once 
brought forward to secure it. The movements of the 
limbs are, in short, adjusted to meet the increased 
resistance. 

All these phenomena cease at once, if the thoracic 
■ ganglia are destroyed. It is in these, therefore, that tlie 
simple stimulus set up by the contact of a bod}- with, for 
example, one of the forceps, is translated into all the sur- 
prisingly complex and accurately co-ordinated movements, 
which have been described. Thus the nervous system 
of the crayfish may bo regarded as a S3^stem of co-ordi- 
nating mechanisms, each of which produces a certain 
action, or set of actions, on the receipt of an appropriate 
stimulus. 

When the crayfish comes into the world, it i)ossesscs 
in its neuro-muscular apparatus certain innate iDoten- 
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tialities of action, and will exhibit the corresponding 
acts, under the influence of the appropriate stimuli. 
A large proportion of these stimuli come from without 
through the organs of the senses. The greater or less 
readiness of each sense organ to receive impulses,, of 
the nerves to transmit them, and of the ganglia to 
give rise to combined impulses, is dependent at any 
moment upon the jilij^sical condition of these parts ; and 
this, again, is largely modified by the amount and the 
condition of the blood supplied. On the other hand, a 
certain number of these stimuli are doubtless originated 
by changes within the various organs which compose the 
body, including the nerve centres themselves. 

When an action arises from conditions developed in 
the interior of an animars bod}^, inasmuch as we cannot 
jDerceive the antecedent phenomena, we call such an 
action spontaneous ; ” or, when in ourselves we are 
aware that it is accompanied b}^ the idea of the action, 
and the desire to perform it, we term the act ‘‘ volun- 
tary.” But, by the use of tliis language, no rational 
j^erson intends to express the belief that such acts are 
uncaused or cause themselves. Self-causation ” is a 
contradiction in terms ; and the notion that any pheno- 
menon comes into existence vdthout a cause, is equivalent 
to a belief in chance, which one may hope is, by tliis 
time, finally exploded. 

In the crayfish, at any rate, there is not the slightest 
reason to doubt that every action has its definite physical 
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cause, and that what it does at any moment would be 
as clearly intelligible, if we only knew all the internal 
and external conditions of the case, as the striking of a 
clock is to any one who understands clockwork. 

The adjustment of the body to varying external con- 
ditions, wliich is one of the chief results of the working 
of the nervous mechanism, would be far less important 
from a physiological point of view than it is, if only 
those external bodies which come into direct contact 
with the organism * could affect it ; though very delicate 
influences of this kind take eff’ect on the nervous api)aratus 
through the integument. 

It is probable that the sctce, or hairs, which are so 
generally scattered over the body and the appendages, 
are delicate tactile organs- They are hollow processes of 
the chitinous cuticle, and their cavities are continuous 
with narrow canals, which traverse the whole thick- 
ness of tlie cuticle, and are filled b}’^ a prolongation of 
the subjacent loroper integument. As this is supplied 
with nerves, it is likely that fine nerve fibres reach the 
bases of the hairs, and are affected by anything which 
stirs these delicately poised levers. 

* It may be said that, strictly speaking, only those external bodies 
■which are in direct contact with the organism do affect it — as the 
vibrating ether, in the case of luminous bodies ; the vibrating air or 
water, in the case of sonorous bodies ; odorous particles, in the case of 
odorous bodies : but I have preferred the ordinaiy phraseology to a 
pedantically accurate periphrasis. 

I 
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There is much reason to believe that odorous bodies 
affect crayfish ; but it is very difficult to obtain experi- 
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Fia. 26. — Anfacm flnrtntiUs. — A, the ri^ht antennulc seen from the 
inner side ( x 5) ; B, a x)ortion of the exopodite enlarged ; C, olfactory 
appendage of the exopodite ; front view ; side view ( x 300) ; 

olfactory appendages ; auditory sac, supposed to be seen through 
the wall of the basal joint of the antennule ; ft, seta) ; en, endopo- 
dite ; ex, exopodite ; ttj?, spine of the basal joint. 

mental evidence of tlie fact. However, there is a good 
deal of analogical ground for the supiDOsition that some 
peculiar structures, which are evidently of a sensorj 
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nature, developed on the under side of the outer branch 
of the antennule, play the pai*t of an olfactory apparatus. 

Both the outer (fig. 26 A. ex) and the inner (en) 
branches of the antennule are made up of a number of 
delicate ring-like segments, which bear fine setoB {h) of 
the ordinaiy character. 

The inner branch, which is the shorter of the two, pos- 
sesses only these setae ; but the under surface of each of 
the joints of the outer branch, from about the seventh or 
eighth to the last but one, is provided with two bundles 
of very curious appendages (fig. 27, A, B, C, a), one in 
front and one behind. These are rather more than 
1 -200th of an inch long, verj" delicate, and shaj)ed like a 
spatula, with a rounded handle and a flattened somewhat 
curved blade, the end of wdiich is sometimes truncated, 
sometimes has the form of a prominent papilla. There 
is a sort of joint between the handle and the blade, such 
as is found between the basal and the terminal parts of 
the ordinary setsD, with which, in fact, these j)rocesses 
entirely corresi^ond in their essential structure. A soft 
granular tissue fills the interior of each of these pro- 
blematical structures, to which Leydig, their discoverer, 
ascribes an olfactory function. 

It is probable that the crayfish possesses something 
analogous to taste, and a very likely seat for the organ 
of this function is in the upper lip and the metastoma ; 
but if the organ exists it jiossesses no structural pecu- 
liarities by which it can be identified. 

j 2 
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There is no doubt, however, as to the special recipients 
of sonorous and luminous vibrations; and these are of 
particular importance, as they enable the nervous ma- 
chinery to be affected by bodies indefinitely remote 
from it, and to change the xdace of the organism in 
relation to such bodies. 

Sonorous vibrations are enabled to act as the stimulants 
of a special nerve (fig. 25, a'n) connected with the brain, 
by means of the ver}’^ cmdous auditory sacs (fig. 26, A, aii) 
which are lodged in the basal joints of the antennules. 

Each of these joints is trihedral, the outer face being con- 
vex ; the inner, ajix)lied to its fellow, flat ; and the upper, 
on which the eyestalk rests, concave. On this upper face 
there is a narrow elongated oval aperture, the outer lip of 
wdiich is beset with a flat brush of long close-set setae, 
which lie horizontally over the aperture, and effectually 
close it. The ajierture leads into a small sac (a?f) with 
delicate walls formed by a chitinous continuation of the 
general cuticula. The inferior and i)Osterior wall of the 
sac is raised up along a curved line into a ridge which 
projects into its interior (fig. 27, A, r). Each side of this 
ridge is beset with a series of delicate setae (as), the 
longest of w^hich measures about of an inch ; they 
thus form a longitudinal band bent upon itself. These 
auditory seta project into the fluid contents of the sac, 
and their apices are for the most part imbedded in a 
gelatinous mass, which contains irregular particles of sand 
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and sometimes of other foreign matter. A nerve {n n\) is 
distributed to the sac, and its fibres enter the bases of 
the hairs, and may be traced to their apices, where they 
end in peculiar elongated rod-like bodies (fig. 27, C). 
Here is an auditory organ of the simplest description. 




Fig. 27. — uUtacnft flni'iafiHs, A, the auditory sac detached and seen 
from the outside ( x 15) ; B, auditory liair ( x 100) ; C, the distal ex- 
tremity of the same more highly magnified, a, aperture of sac ; aff, 
auditory setas ; h, its inner or posterior extremity ; n n\ nerves j 
)\ ridge. 


It retains, in fact, throughout life, the condition of a 
simple sac or involution of the integument, such as is 
that of the vertebrate ear in its earliest starve. 
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The sonorous vibrations transmitted through the 
water in which the crayfish lives to the fluid and solid 
contents of the auditory sac are taken up by the delicate 
hairs of the ridge, and give rise to molecular changes 
which traverse the auditory nerves and reach the cerebral 
ganglia. 

The vibrations of the luminiferous ether are brought 
to bear upon the free ends of two large bundles of nerve 
fibres, termed the optic nerves (fig. 25, on), which proceed 
directly from the brain, by means of a highly complex eye. 
This is an apparatus, which, in part, sorts out the rays of 
light into as many very small pencils as there are separate 
endings of the fibres ctf the optic nerve, and, in part, 
serves as the medium by which the luminous vibrations 
are converted into molecular nerve changes. 

The free extremity of the eyestallc presents a convex, 
soft, and transi^arent surface, limited by an oval contour. 
The cuticle in this region, which is termed the cornea, 
(fig. 28, a), is, in fact, somewhat thinner and less dis- 
tinctly laminated than in tlie rest of the eycstalk, and it 
contains no calcareous matter. But it is directly con- 
tinuous with the rest of the exoskeleton of the eyestalk, 
to which it stands in somewhat the same relation as the 
soft integument of an articulation does to the adjacent 
hard parts. 

The cornea is divided into a great number of minute, 
usually square facets, by faint lines, which cross it from side 
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to side nearly at right angles with one another. A longi- 
tudinal section shows that both the horizontal and the 
vertical contours of the cornea are very nearly semicir- 
cular, and that the lines which mark off the facets merely 
arise from a slight modification of its substance between 
the facets. The outer contour of each facet forms part 



Fig. 28. — Asfacvs Jluviiilillfi. — A, a vertical section of the eye-stalk 
(X 6) ; B, a small portion of the same, showing the visual ap- 
paratus more highly magnified ; a, cornea ; h, outer dark zone ; 
outer white zone ; <7, middle dark zone ; 6, inner white zone ; 
/, inner dark zone ; cr, crystalline cones ; y, optic ganglion ; oj)y 
optic nerve ; striated spindles. 


of the general curvature of the outer face of the cornea ; 
the inner contour sometimes exliibits a slight deviation 
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from the general curvature of the inner face, but usually 
nearly coincides with it. 

When a longitudinal or a transverse section is taken 
through the whole eyestallc, the optic nerve (fig. 28, 
A, op) is seen to traverse its centre. At first narrow 
and cj^lindrical, it expands towards its extremity into 
a sort of bulb (B, g), the outer surface of which is curved 
in correspondence with the inner surface of the cornea. 
The terminal half of the bulb contains a great quantity 
of dark coloming matter or pigment, and, in section, 
apiiears as what may be termed the inner dark zone (/). 
Outside this, and in connection with it, follows a white 
line, the inner white zone (c), then comes a middle dark 
zone (d) ; outside this an outer pale band, which may 
be called the outer ivhite zone (c), and between this and 
the cornea (a) is another broad band of dark pigment, the 
outer dark zone (h). 

When viewed under a low power, by reflected light, this 
outer dark zone is seen to be traversed by nearly parallel 
straight lines, each of which starts from the boundary 
between two facets, and can be followed inwards through 
the outer 'white zone to the middle dark zone. Thus the 
Avhole substance of the eye between the outer surface of 
the bulb of the optic nerve and the inner surface of the 
cornea is marked out into as many segments as the 
cornea has facets ; and each segment has the form 
of a wedge or slender pyramid, the base of which is 
four-sided, and is applied against the inner surface of 
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one of the facets of the cornea, while its summit lies in 
the middle dark zone. Each of these visual •pyramids 
consists of an axial structure, the visual rod, invested by 
a sheath. The latter extends inwards from the margin 
of each facet of the cornea, and contains pigment in 
two regions of its length, the intermediate space being 
devoid of pigment. As the position of the pigmented 
regions in relation to the length of the pyramid is alwa^^s 
the same, the pigmented regions necessarily take the form 
of two consecutive zones when tlie pyramids are in their 
natural position. 

The visual rod consists of two parts, an external 
crystalline cone (fig. 23, B, cr), and an internal striated 
spindle {sp). The crystalline cone consists of a trans- 
parent glassy-looking substance, which may be made to- 
split up longitudinally into four segments. Its inner end 
narrows into a filament which traverses the outer white 
zone, and, in the middle dark zone, thickens into a four- 
sided spindle-shaped transparent body, which appears 
transversely striated. The inner end of this striated 
spindle narrows again, and becomes continuous with 
nerve fibres which proceed from the surface of the optic 
bulb. 

The exact mode of connection of the nerve-fibres with 
the visual rods is not certainly made out, but it is pro- 
bable that there is direct continuity of substance, and that 
each rod is really the termination of a nerve fibre. 

Eyes having essentially the same structure as that of 
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the cra3^fish are very widel}’’ met with among Crustacea 
and Insecta, and are commonly known as compound eyes. 
In man}’’ of these animals, in fact, when the cornea is re- 
moved, each facet is found to act as a separate lens ; and 
when proper arrangements are made, as many distinct 
pictures of external objects are found behind it as there 
are facets. Hence the notion suggested itself that each 
visual pyramid is a separate eye, similar in principle of 
construction to the human eye, and forming a picture of 
so much of the external world as comes within the range 
of its lens, upon a retina supposed to be spread out on 
the sur&ce of the crystalline cone, as the human retina is 
spread over the surface of the vitreous humour. 

But, in the first place, there is no evidence, nor any 
probabilit}^, that there is anything corresponding to a 
retina on the outer face of the crystalline cone; and 
second!}’’, if there were, it is incredible that, with such an 
arrangement of the refractive media as exists in the 
cornea and crystalline cones, rays proceeding from points 
in the external world should be brought to a focus in cor- 
respondingly related points of the surface of the supposed 
retina. But without this no jiicture could be formed, and 
no distinct vision could take place. It is very probable, 
therefore, that the visual pyramids do not play the part 
of the simple eyes of the Vertebrata, and the only alterna- 
tive appears to be the adoption of a modification of the 
theory of mosaic visioji, proi)ounded many years by 
Johannes Muller. 
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Each visual pyramid, isolated from its fellows by its coat 
of pigment, may be supposed, in fact, to play the part of a 
very narrow straight tube, with blackened walls, one end 
of wdiich is turned towards the external world, while the 
other incloses the extremity of one of the nerve fibres. The 
only light which can reach the latter, under these circum- 
stances, is such as proceeds from i)oints which lie in the 



Fig. 29. — Diagram showing the course of rays of light from three 
points iP, y, z, through the nine visual rods (supposed to he empty 
tubes) A — I of a compound eye ; a — /, the nerve fibres connected 
with the visual rods. 

direction of a straight line re]iresented b}’’ the produced 
axis of the tubes. 

Suppose A — I to be nine such tubes, a — i the corre- 
sponding nerve fibres, and x y z three points from which 
light proceeds. Then it will be obvious that the only light 



124 THE PHYSIOLOGY OF THE COMMON CRAYFISH. 


from X which will excite sensation, will be the ray which 
traverses b and reaches the nerve-fibre 6, while that from 
y will affect only e, and that from x onl}^ li. The result, 
translated into sensation, will be three points of light on a 
dark ground, eacli of which answers to one of the luminous 
pouits, and indicates its direction in reference to the eye 
and its angular distance from the otlier two.* 

The only modification needed in the original form of 
the theory of mosaic vision, is the sui)position that i)art, 
or the wliole, of the visual rod, is not merely a passive 
transmitter of light to the nerve-fibre, but is, itself, in 
someway concerned in transmuting the mode of motion, 
light, into that other mode of motion which we call 
nervous energy. The visual rod is, in fact, to be re- 
garded as the physiological end of the nerve, and the 
instrument by which the conversion of the one form of 
motion into the other takes place ; just as the auditory 
hairs are instruments by wliich the sonorous waves are 
converted into molecular movements of the substance of 
the auditory nerves. 

It is wonderfully interesting to observe that, when the 
so-called compound eye is interpreted in this manner, 

* Since the visual rods are strongly refracting solids, and not empty 
tubes, the diagram given in fig. 20 does not represent the true course of 
the rays, indicated by dotted lines, which fall obliquely on any cornea 
of a crayfish’s eye. Such rays will be more or less bent towards the 
axis of the visual rod of that cornea ; but whether they reach its apex 
and so affect the nerve or not will depend on the curvature of the cornea ; 
its refractive index and that of the crystalline cone ; and the relation 
between the length and the thickness of the latter. 
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the apparent wide difference between it and the verte- 
brate eye gives place to a fundamental resemblance- The 
rods and cones of the retina of the vertebrate eye are 
extraordinaril}’ similar in their form and their relations 
to the fibres of the optic nerve, to the visual rods of the 
arthropod eye. And the morj^hological discrepancy’'^ 
which is at first so striking, and which arises from the 
fact that tlie free ends of the visual rods are turned 
towards the light, while those of the rods and cones 
of the vertebrate eye are turned from it, becomes a confir- 
mation of the parallel between the two when the develop- 
ment of the vertebrate eye is taken into account For it 
is demonstrable that the deep surface of the retina in 
which the rods and cones lie, is really a part of the outer 
surface of the body turned inwards, in the course of the 
singular developmental changes which give rise to the 
brain and the eye of vertebrate animals. 

Thus the crayfish has, at any rate, two of the higher 
sense organs, the ear and the eye, which we possess our- 
selves; and it may seem a superfluous, not to say a 
frivolous, question, if any one should ask whether it can 
hear and see. 

But, in truth, the inquiry, if properly limited, is a very 
pertinent one. That the crayfish is led by the use of its 
eyes and ears to approach some objects and avoid others, 
is beyond all doubt ; and, in this sense, most indubit- 
ably it can both hear and see. But if the question 
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means, do luminous Tibrations give it the sensations of 
light and darkness, of colour and form and distance, which 
they give to us ? and do sonorous vibrations produce the 
feelings of noise and tone, of melody and of harmony, as 
in us ? — it is by no means to be answered hastily, perhaps 
cannot be answered at all, except in a tentative, probable 

The phenomena to which we give the names of sound 
and colour are not physical things, but are states of con- 
sciousness, dependent, there is every reason to believe, 
on the functional activity of certain parts of our brains. 
Melody and harmony are names for states of conscious- 
ness which arise when at least two sensations of sound 
have been produced. All these are manufactured arti- 
cles, products of the human brain ; and it would be 
exceedingly hazardous to afiirni that organs capable of 
giving rise to the same products exist in the vastly 
simpler nervous system of tlie crustacean. It would be 
the height of absurdity to expect from a meat-jack the 
sort of work wdiich is performed by a Jacquard loom ; and 
it appears to me to be little less preposterous to look for 
the production of anything analogous to the more subtle 
phenomena of the human mind in something so minute 
and rude in comparison to the human brain, as the 
insignificant cerebral ganglia of the crayfish. 

At the most, one may be justified in supjiosing the 
existence of something approaching dull feeling in our- 
selves ; and, to return to the problem stated in the begin- 
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ning of this chapter, so far as such obscure consciousness 
accompanies the molecular changes of its nervous sub- 
stance, it will be right to speak of the mind of a crayfish. 
But it will be obvious that it is merely putting the cart 
before the horse, to speak of such a mind as a factor 
in the work done by the organism, when it is merely a 
dim symbol of a part of such work in the doing. 

Whether the crayfish possesses consciousness or not, 
however, does not affect the question of its being an 
engine, the actions of which at any moment depend, on 
the one hand, ui)on the scries of molecular changes excited, 
either by internal or by external causes, in its neuro- 
muscular machinery ; and, on the other, upon the dispo- 
sition and the properties of the parts of that machinery. 
And such a self-adjusting machine, containing the im- 
mediate conditions of its action within itself, is what is 
proiierly understood by an automaton. 

Craj^fishes, as we have seen, may attain a considerable 
age ; and there is no means of knowing how long they 
might live, if protected from the innumerable desti’uctive 
influences to which they are at all ages liable. 

It is a widely received notion that the energies of living 
matter have a natural tendency to decline, and finally 
disappear ; and that the death of the body, as a whole, 
is the necessaiy correlate of its life. That all living 
things sooner or later perish needs no demonstration, 
but it would be difficult to find satisfactory grounds 
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for the belief that the}^ must needs do so. The analogy of 
R machine that, sooner or later, must be brought to a 
standstill by the wear and tear of its iDarts, does not 
hold, inasmuch as the animal mechanism is continually 
renewed and repaired ; and, though it is true that indi- 
vidual components of the body are constantly dying, yet 
their places are taken by vigorous successors. A city 
remains, notwithstanding the constant death-rate of its 
inhabitants ; and such an organism as a crayfish is only 
a corporate unity, made u]) of innumerable partially 
independent individualities. 

Whatever might be the longevit}’^ of crayfishes under 
imaginable iierfect conditions, the fact that, notwithstand- 
ing the great number of eggs they produce, their number 
remains pretty much the same in a given district, if 
^ve take the average of a period of years, shows that 
about as many die as are born ; and that, without the 
process of reproduction, the sjiecies would soon come to 
an end. 

There arc manj’' examines among members of the group 
of Crustacea to which the crayfish belongs, of animals which 
jiroduce young from internally developed germs, as some 
jdants throw off bulbs which are capable of reproducing 
the parent stock ; such is the case, for examjile, with the 
common water flea {Daphnia). But nothing of this kind 
has been observed in the crayfish ; in which, as in the 
higher animals, the reproduction of the species is de- 
pendent upon the combination of two kinds of living 
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matter, which are developed in different individuals, 
termed males and females. 

These two kinds of living matter are ova and sperma- 
tosoa, and they are developed in special organs, the ovari/ 
and the testis. The ovary is lodged in the female ; the 
testis, in the male. 

The ovary (fig. 30, ov) is a body of a trefoil form, 
which is situated immediately beneath, or in front of, 
the heart, between the floor of the pericardial sinus and 
the alimentary canal. From the ventral face of this 



Fig. 30 . — Astamis flweiatilis . — ^Tbe female reproductive organa ( x 2) ; 
ov, ovary ; od, oviduct ; od\ aperture of oviduct. 

organ two short and wide canals, the oviducts (od), lead 
down to the bases of the second pair of walking limbs, 
and terminate in the apertures {od') already noticed 
there. 

The testis (fig. 31, t) is somewhat similar in form to 
the ovary, but, the three divisions are much naiTOwer 
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and more elongated: the hinder median division Kes 
under the heart; the anterior divisions are situated 
between the heart behind, and the stomach and the liver 
in front (figs. 6 and 12, t). From the point at which the 



Fig. 31 . — Astamm male reproductive organs (x 2) ; 

ty testis ; vdy vas deferens ; xd\ aperture of vas deferens. 

three divisions join, proceed two ducts, which are termed 
the vam deferentia (fig. 31, vd). These are very narrow, 
long, and make many coils before thej’' reach the apertures 
upon the bases of the hindermost pair of walking limbs, by 
which they open externally (fig. 31, vd', and fig. 35, vd),. 
Both the ovary and the testis are very much larger 
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during the breeding season than at other times; tne large 
brownish-yellow eggs become conspicuous in the ovaiy, 



Fig. 32 . — Antaeus Jluviat HU, — ^A, a twotMrds grown egg contained in 
its ovisac ( x 50) ; B, an egg removed from the ovisac ( x 10) ; 
C, a portion of the wall of an ovisac with the adjacent portion of 
the contained egg, highly magnified ; cp, epithelium of ovisac ; 
gsy germinal spots ; <7?', germinal vesicle ; 77*, membrana propria ; 
vitellus ; rm, vitelline membrane ; stalk of ovisac. 


and the testis assumes a milk-white colour, at this 
period. 

The walls of tlie ovary are lined internally by a layer of 
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nucleated cells, separated from the cavity of the organ by 
a delicate structureless membrane. The growth of these 
cells gives rise to papillary elevations which project into 
the cavity of the ovary, and eventually become globular 




FlO. 33. — Agtaciis flnriatilis.—lL^K lobule of the testis, showing a, acini, 
springing from h, the ultimate termination of a duct ( x 30). B,. 
spermatic cells ; a, with an ordinary globular nucleus n ; b, with a 
spindle-shaped nucleus ; with two similar nuclei ; and d, with 
a nucleus undergoing division ( x 600). 

bodies attached by short stalks, and invested by the struc- 
tureless membrane as a mevibrana •propria (fig, 32, m). 
These are the ovisacs. In the mass of cells which be- 
comes the ovisac, one rapidlj^ increases in size and 
occupies the centre of the ovisac, while the others 
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surround it as a peripheral coat (ep.). This central cell 
is the ovum. Its nucleus enlarges, and becomes what is 
called the germinal vesicle (jg.v.). At the same time 
numerous small corpuscles, flattened externally and 
convex mtemally, appear in it and are the germinal 
spots ig.s.). The protoplasm of the cell, as it enlarges, 
becomes granular and opaque, assumes a deep brownish- 
yellow colour, and is thus converted into the yelk or 
vitcllus (r.). As the egg grovrs, a structureless vitelline 
Membrane is formed between the vitellus and the cells 
which line the ovisac, and incloses the egg, as in a 
bag. Finally, the ovisac bursts, and the egg, falling 
into the cavity of the ovary, makes its way down the 
oviduct, and sooner or later passes out by its aperture. 
When they leave the oviduct, the ova are invested by 
a viscous, transparent substance, which attaches them 
to the swimmerets of the female, and then sets ; thus 
each egg, inclosed in a tough case, is firmly suspended 
by a stalk, which, on the one side, is continued into the 
substance of the case, while, on the other, it is fixed to 
the swimmeret. The swimmerets are kept constantly in 
motion, so that the eggs are well supplied with aerated 
water. 

The testis consists of an immense number of minute 
spheroidal vesicles (fig. 83, A, a), attached like grapes to 
the ends of short stalks (&), formed by the ultimate 
ramifications of the vasa defereiitia. The vesicles maj", 
in fact, be regarded as dilatations of the ends and sides 
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of the finest branches of the ducts of the testis. The 
cavity of each vesicle is filled by the large nucleated cells 
which line its walls (fig. 83, B), and, as the breeding 
season approaches, these cells multiply by division. 
Finally, they undergo some very singular changes of 
foim and internal structure (fig. 34, A — D), each becom- 
ing converted into a flattened spheroidal body, about 
T-,^juth of an inch in diameter, provided with a number 
of slender curved rays, which stand out from its sides 
(fig. 34, E — G). These are the spermatozoa. 

The spermatozoa accumulate in the testicular vesicles, 
and give rise to a milky-looking substance, which traverses 
the smaller ducts, and eventually fills the vasa deferentia. 
This substance, however, consists, in addition to the 
spermatozoa, of a viscid material, secreted by the walls 
of the vasa deferentia, which envelopes the spermatozoa, 
and gives the secretion of the testis the form and the 
consistency of threads of vermicelli. 

The ripening and detachment of both the ova and 
the spermatozoa take place immediately after the com- 
pletion of ecdysis in the early autumn; and at this 
time, which is the breeding season, the males seek 
the females with great avidity, in order to deposit the 
fertilizing matter contained in the vasa deferentia on the 
sterna of their hinder thoracic and anterior abdominal 
somites. There it adheres as a whitish, chalky-looking 
mass ; but the manner in w^hich the contained sperma- 
tozoa reach and enter the ova is unknown. The analogy 
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of what occurs in other animals, however, leaves no doubt 
that an actual mixture of ihe male and female elc' 
ments takes place and constitutes the essential part of 
the process of impregnation. 

Ova to which spermatozoa have had no access, 
give rise to no progeny ; but, in the impregnated ovum, 
the young crayfish takes its origin in a manner to be 
described below, when the question of development is 
dealt with. 



Fig. 35 . — Astacus flitviatili-g . — The last thoracic sternum, seen from 
behind, with the proximal ends of the appendages, A, in the male, 
B, in the female, ( x 3). am, articular membrane ; exp, coxopo- 
dite ; st XTF, last thoracic sternum ; vd, aperture of vas deferens. 



CHAPTEE IV. 

THE MORPHOLOGY OF THE COMMON CRAYFISH: THE STRUC- 
TURE AND THE DEVELOPMENT OF THE INDIVIDUAL. 

In the two preceding chapters the crayfish has been 
studied from the point of view of the physiologist, who, 
regarding an animal as a mechanism, endeavours to dis- 
cover how it does that which it does. And, practically, this 
way of looking at the matter is the same as that of the 
teleologist. For, if all that we know concerning the pur- 
pose of a mechanism is derived from observation of the 
manner in which it acts, it is all one, whether we say 
that the proi^erties and the connexions of its parts 
account for its actions, or that its structure is adapted 
to the performance of those actions. 

Hence it necessarily follows that physiological pheno- 
mena can be expressed in the language of teleolog3\ 
On the assumption that the preservation of the indi- 
vidual, and the continuance of the s^iecies, are the 
final causes of the organization of an animal, the exist- 
ence of that organization is, in a certain sense, exi)lained, 
when it is shown that it is fitted for the attainment of 
those ends ; although, perhaps, the importance of de- 
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monstrating the proposition that a thing is fitted to do 
that which it does, is not very great. 

But whatever may be the value of teleological ex- 
planations, there is a large series of facts, which have as 
j"et been passed over, or touched only incidentally, of 
which they take no account. These constitute the sub- 
ject matter of Morphologtj, which is related to physiology 
much as, in the not-living world, crystallography is 
related to the stud}’’ of the chemical and physical pro- 
perties of minerals. 

Carbonate of lime, for example, is a definite compound 
of calcium, carbon, and oxygen, and it has a great variety 
of physical and chemical properties. But it may be 
studied under another aspect, as a substance capable of 
assuming crystalline forms, which, though extraordinarily 
various, may all be reduced to certain geometrical types. 
It is the business of the crystallographer to work out 
the relations of these forms; and, in so doing, he talies no 
note of the other properties of carbonate of lime. 

In like manner, the morphologist directs his attention 
to the relations of form between different parts of the 
same animal, and between different animals; and these 
relations would be unchanged if animals were mere 
dead matter, devoid of all physiological properties — a 
land of mineral capable of a peculiar mode of growth. 

A familiar exemplification of the difference between 
teleology and morphology may be found in such works 
of human art as houses. 
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A house is certainly, to a great extent, an illustration 
of adaptation to puri)ose, and its structure is, to that 
extent, explicable by teleological reasonings. The roof 
and the walls are intended to keep out the weather; the 
foundation is meant to aiford support and to exclude 
damp; one room is contrived for the purpose of a 
kitchen; another for that of a coal-cellar; a third for 
that of a dining-room ; others are constructed to serve as 
sleeping rooms, and so on ; doors, chimneys, windows, 
drains, are all more or less elaborate contrivances directed 
towards one end, the comfort and health of the dwellers 
in the house. What is sometimes called sanitary architec- 
ture, now-a-days, is based upon considerations of liouse 
teleology. But though all houses are, to begin with and 
essentially, means adapted to the ends of shelter and 
comfort, they may be, and too often are, dealt with from 
a point of view, in which adaptation to purpose is largely 
disregarded, and the chief attention of the architect is 
given to the form of the house. A house maj’^ be built in 
the Gothic, the Italian, or the Queen Anne style ; and a 
house in any one of these styles of architecture may be 
just as convenient or inconvenient, just as well or as ill 
adapted to the wants of the resident therein, as any of 
the others. Yet the three are exceedingly different. 

To apply all this to the crayfish. It is, in a sense, 
a house with a great variety of rooms and offices, in 
which the work of the indwelling life in feeding, breath- 
ing, moving, and reproducing itself, is done. But the 
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same ma}’^ be said of the craj^fish’s neighbours, the perch 
and the water-snail ; and the}" do all these things neither 
better nor worse, in relation to the conditions of their 
existence, than the crayfish does. Yet the most cui’soiy 
inspection is sufficient to show that the “ styles of archi- 
tectui’e ” of the three are even more widely different than 
are those of the Gothic, Italian, and Queen Anne houses. 

That which Ai’chitecture, as an art conversant with 
pure form, is to buildings, Morphology, as a science 
conversant with pure form, is to animals and plants. 
And we may now proceed to ocenj^y ourselves exclusively 
with the morphological aspect of the crayfish. 

As I have already mentioned, when dealing with the 
physiology of the crayfish, the entire body of the animal, 
when reduced to its simplest morphological expression, 
may be represented as a cylinder, closed at each end, ex- 
cept so far as it is perforated by the alimentary aper- 
tures (fig. 6) ; or we may say that it is a tube, inclosing 
another tube, the edges of the two being continuous at 
their extremities. The outer tube has a chitinous outer 
coat or cuticle, which is continued on to the inner face 
of the inner tube. Neglecting this for the present, the 
outermost part of the wall of the outer tube, which 
answers to the ejmiermis of the higher animals, and the 
innermost part of the wall of the inner tube, which is 
an epithelium^ are formed by a layer of nucleated cells. 
A continuous layer of cells, therefore, is everywhere to 
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be found on both the external and the internal free sur- 
faces of the body. So far as these cells belong to the 
proper external wall of the body, they constitute the 
ectoderm, and so far as they belong to its proper internal 
wall, they compose the endoderm. Between these two 
layers of nucleated cells lie all the other parts of the 
bt)dy, comiiosed of connective tissue, muscles, vessels, 
and nerves ; and all these (with the exception of the 
ganglionic chain, which we shall see properly belongs to 
the ectoderm) may be regarded as a single thick stratum, 
which, as it lies between the ectoderm and the endoderm, 
is called the mesoderm. 

If the intestine were closed posteriorly instead of 
opening by the vent, the crayfish would virtually be an 
elongated sac, with one opening, the mouth, affording an 
entrance into the alimentary cavity : and, round this 
cavity, the three layei’s just referred to — endoderm, 
mesoderm, and ectoderm — would be disposed concen- 
trically. 

We have seen that the body of the crayfish thus coni- 
l^osed is obviously separable into three regions — the 
cephalon or head, the thorax, and the abdomen. The 
latter is at once distinguished by the size and the 
mobility of its segments : while the thoracic region is 
marked off from that of the head, outwardly, only by tlie 
cervical groove. But, w^hen the carapace is removed, 
the lateral depression already’' mentioned, in which the 
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scaphognathite lies, clearly indicates the natural boundary 
between the head and the thorax. It has further been 
obsen-ed that there are, in all, twenty pairs of ap- 
pendages, the six liindermost of which are attached to 
the abdomen. If the other fourteen pairs are carefully 
removed, it will be found that the six anterior belong to 
the head, and the eight posterior to the thorax. 

Tlie abdominal region may now be studied in further 
detail. Each of its seven movable segments, except the 
telson, represents a sort of morphological unit, the repe- 
tition of which makes up the whole fabric of the body. 

If the abdomen is divided transversely between the 





Fig. fuviatiliff.^A transverse section through the nine- 

teenth (fifth abdominal) somite ( x 2). r.w?., extensor muscles ; /.w.. 
flexor muscles ; ffn. the fifth abdominal ganglion ; 7/.//., hind-gut ; 

inferior abdominal artery ; s.a.a^ superior abdominal artery ; 
2)1. XIX, pleura of the somite ; xf. XIX, its sternum ; t. XIX, its 
tergum ; cp. XIX, its epimera ; i9, its appendages. 
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fourth and fifth, and the fifth and sixth segments, the fifth 
’will be isolated, and can be studied apart. It constitutes 
what is called a metamere ; in which are distinguishable a 
central part termed the somite, and two ajipendagcs 
(fig. 86). 

In the exoskeleton of the somites of the abdomen 
several regions have abeady been distinguished; and 
although they constitute one continuous whole, it will 
be convenient to speak of the sternum (fig. 36, sU XIX), 
the terguvi (t. XIX), and, the pleura {pL XIX), as if they 
w^ere sejiarate parts, and to distinguish that portion of 
the sternal region, which lies between the articulation 
of the appendage and the pleuron, on each side, as the 
epimeron (ep, XIX). Adopting this nomenclature, it may 
be said of the fifth somite of the abdomen, that it 
consists of a segment of the exoskeleton, divisible into 
tergum, pleura, epimera, and sternum, with which two 
appendages are articulated; that it contains a double 
ganglion (rjn.lSf), a section of the flexor (fm) and extensor 
(em) muscles, and of the alimentary (%) and vascular 
{s.a.a, i.a.a) systems. 

The appendage (fig. 36, 19), which is attached to an 
articular cavity situated between the sternum and the 
epimeron, is seen to consist of a stalk or stem, which is 
made up of a very short basal joint, the coxopodiie (fig. 37, 
D and E, ex.p), followed by a long cylindrical second 
joint, the basipodite {b.p), and receives the name of pro- 
topodite. At its free end, it bears two flattened narrow 




Fig. S7. — Appendages of the left side of the abdo- 
men ( X y). A, the posterior face of the first appendage of the male ; 
B, the same of the female ; 0, posterior, and C', anterior faces of the 
second appendage of the male ; D, the third appendage of the male : 
E, the same of the female ; F, the sixth appendage. the rolled 
plate of the endopodite ; the jointed extremity of the same ; hp,, 
basipodite ; exp., coxopodite •, enp., endopodite ; exp., exopodite. 
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plates, of which one is attached to the inner side of the 
extremity of the protopodite, and is called the endopodite 
(en.p), while the other is fixed a little higher up to the 
outer side of that extremity, and is the cxopodite icx.p). 
The exopodite is shorter than the endopodite. The 
endopodite is broad and is undivided for about half its 
length, from the attached end ; the other half is narrower 
and is divided into a number of small segments, which, 
however, are not united by definite articulations, out are 
merely marked off from one another by slight constric- 
tions of the exoskeleton. The exopodite has a similar 
structure, but its undivided portion is shorter and nar- 
rower. The edges of both the exopodite and the endo- 
podite are fringed with long setae. 

In the female crayfish, the appendages of this and of 
the fourth and third somites are larger than in the male 
(compare D and E, fig. 37). 

The fourth and fifth somites, with their appendages, 
may be described in the same terms as the third, and 
in the sixth there is no difficulty in recognising the 
corresponding parts of the somite; but the appendages 
(fig. 87, F)y which constitute the lateral portions of 
the caudal fin, at first sight api)ear very different. In 
their size, no less than in their appearance, they depart 
widely from the appendages of the jireceding somites. 
Nevertheless, each will be found to consist of a basal 
stalk, answering to the protoiiodite {cx.pi), which how- 
ever is very broad and thick, and is not divided into two 
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joints ; and of two terminal oval plates, which represent 
the endopodite and the exopodite (ex.p). The 

latter is divided by a transverse suture into two pieces ; 
and the edge of the larger or basal moiety is beset with 
short spines, of which two, at the outer end of the series, 
are larger than the rest. 

The second somite is longer than the first (fig. 1) ; it 
has veiy broad pleura, while those of the first somite are 
small and hidden by the overlapping front margins of the 
pleura of the second somite. 

In the female, the appendages of the second somite of 
the abdomen are similar to those of the third, fourth, and 
fifth somites ; but in those of the first somite (fig. 37, B), 
there is a considerable variation. Sometimes, in fact, 
the appendages of this somite are altogether wanting ; 
sometimes one is present, and not the other ; and 
sometimes both are found. But, when they exist, these 
appendages are always small ; and the protopodite is 
followed by only one imperfectly jointed filament, which 
appears to represent the endopodite of the other ap- 
pendages. 

In the male, the appendages of the first and second 
somites of the abdomen are not only of relatively large 
size, but they are widely different from tlie’rest, those of 
the first somite departing from the general type further 
than those of the second. In the latter (C, C ') there is 
a protopodite (cr.p, hp) with the ordinary structure, and 
it is followed by an endopodite {eti.p) and an exopodite 
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{ex.p) ; but the former is singularly modified. The un- 
divided basal part is large, and is produced on the 
inner side into a lamella (a), which extends slightly 
beyond the end of the terminal jointed portion (h). The 
inner half of this lamella is rolled upon itself, in such a 
manner as to give rise to a hollow cone, something lilce 
an extinguisher {C\ a). 

The appendage of the first somite (.4) is an unjointed 
styliform body, which appears to represent tlie proto- 
podite, together with the basal part and the inner pro- 
longation of the endopodite of the preceding appendage. 
The terminal half of the appendage is really a broad 
plate, slightly bifid at the summit, but the sides of the 
plate are rolled in, in such a manner that the anterior 
liaK bends round and partially incloses the posterior half. 
They thus give rise to a canal, which is open at each end, 
and only partially closed behind. 

These two pairs of curiously modified appendages are 
ordinarily turned forwards and applied against the sterna 
of the posterior part of the thorax, in the interval be- 
tween the bases of the hinder thoracic limbs (see fig. 3, 
A), They serve as conduits by which the spermatic 
matter of the male is conveyed from the openings of the 
ducts of the testes to its destination. 

If we confine our attention to the third, fourth, and 
fifth metameres of the abdomen of the crayfish, it is 
obvious that the several somites and their appendages, 
and the various regions or parts into which they are 
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divisible, correspond with one another, not only in form, 
but in their relations to the general plan of the whole 
abdomen. Or, in otlier words, a diagrammatic plan of 
one somite will serve for all the three somites, wdth 
insignificant variations in detail. The assertion that 
these somites are constructed upon the same j)lan, in- 
volves no more h3’pothesis than the statement of an 
architect, that three houses are built upon the same plan, 
though the facades and the internal decorations may 
differ more or less. 

In the language of .mor]')hology, such conformit}^ in the 
plan of organisation is termed homology. Hence, the 
several metameres in question and their appendages, are 
homologous with one another; while the regions of the 
somites, and the parts of their appendages, are also 
liomologues. 

When the comjiarison is extended to the sixth meta- 
mere, the homology of the different i)arts with those of the 
other metameres, is undeniable, notwithstanding the great 
differences which they present. To recur to a previous 
comparison, the ground jdan of the building is the same, 
though the proportions are varied. So with regard to 
the first and second metameres. In the second pair 
of appendages of the male, the difference from the 
ordinary tj^pe of appendage is comparable to that pro- 
duced by adding a portico or a turret to the building ; 
while, in the first pair of appendages of the female, 
it is as if one wing of the edifice w'ere left unbuilt; 
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and, in those of the male, as if all the rooms were run 
into one. 

It is further to be remarked, that, just as of a row of 
houses built upon the same i)lan, one may be arranged so as 
to serve as a dwelling-house, another as a warehouse, and 
another as a lecture hall, so the homologous appendages 
of the crayfish are made to subserve various functions. 
And as the fitness of the dwelling-house, the warehouse, 
and the lecture -luill for their several purposes would not 
in the least help us to understand why they should all be 
built upon tlie same general plan ; so, the adaptation of 
the appendages of the abdomen of the crayfish to the dis- 
charge of their several functions does not explain why 
those parts are homologous. On the contrary, it would 
seem simpler that each part should have been constructed 
in such a manner as to perform its allotted function in 
the best ];)ossible manner, without reference to the rest. 
The proceedings of an architect, who insisted on con- 
structing every building in a town on the plan of a 
Gothic cathedral, would not be explicable by coiisidera- 
tions of fitness or convenience. 

In the cephalothorax, the division into somites is not 
at first obvious, for, as we liave seen, the dorsal or tergal 
surface is covered over by a continuous shield, distin- 
guished into thoracic and cephalic regions only by tlie 
cervical groove. Even here, however, when a transverse 
section of the thorax is compared with that of tlie abdo- 
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men (figs. 15 and 86), it will be obvious that the tergal 
and the sternal regions of the two answer to one another ; 
while the branchiostegites correspond with greatly de- 
veloped pleura; and the inner wall of the branchial 
chamber, which extends from the bases of the appendages 
to the attachment of the branchiostegite, reijresents an 
immensely enlarged cpimeral region. 

On examination of tlie sternal aspect of the cephalo- 
thorax the signs of division into somites become jilain 
(figs. 3 and 39, A). Between the last two ambulatory 
limbs there is an easily recognisable sternum (XIV.), 
though it is considerably narrower than any of the 
sterna of the abdominal somites, and differs from them 
in shape. 

The deep transverse fold which separates this hinder- 
most thoracic stenmm from the rest of the sternal wall 
of the cephalothorax, is continued upwards on the inner 
or epimeral w^all of the branchial cavity ; and thus the 
sternal and the epimeral i>ortions of the posterior thoracic 
somite are naturally mai’ked off’ from those of the more 
anterior somites. 

The epimeral region of this somite presents a very 
curious structure (fig. 88). Immediately above the ar- 
ticular cavities for the appendages there is a shield- 
shaped plate, the posterior, convex edge of which is 
sharp, jn’oniinent, and setose. Close to its ui)per 
boundary the plate exhibits a round perforation (jM.), 
to the margins of which the stem of the hindermost 
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pleurobranchia (fig. 4, pU). 14) is attached; and in 
front of this, it is connected, by a narrow neck, with 
an elongated triangular piece, which takes a vertical 
direction, and lies in the fold which separates the posterior 
thoracic somite from the next in front. The base of this 



Fig. ZS.-- Afitacys fliiviatUh. — ^The mode of connexion between the last 
thoracic and the first abdominal somites ( x 3). rz, L-shaped bar ; 
cj?e^ carapace ; caap, I 4 , coxopodite of the last ambulatory leg ; ])lh.^ 
place of attachment of the pleurobranchia ; st, X V, stcmum, and 
t, XV, tergum of the first abdominal somite. 

piece unites with the epimeron of the penultimate somite. 
Its apex is connected with the anterior end of the horizontal 
ann of an L-shaiied calcified bar (fig. 38, a), the upper end 
of the vertical arm of which is firmly, but moveably, con- 
nected with the anterior and lateral edge of the tergum 
of the first abdominal somite {t. XV.)* The tendon of one 
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of the large extensor muscles of the abdomen is attached 
close to it. 

The sternum and the shield-shaped epimeral plates 
constitute a solid, continuously calcified, ventral element 
of the skeleton, to which the posterior pair of legs is 
attached ; and as this structure is united with the 
somites in front of and behind it only by soft cuticle, 
except where the sljield-shaped plate is connected, by 
the intermediation of the triangular piece, with the 
ej)imeron which lies in front of it, it is freel}" movable 
backwards and forwards on the imperfect hinge thus 
constituted. 

In the same way, the first somite of the abdomen, 
and, consequently, the abdomen as a whole, moves upon 
the hinges formed by the union of the L-shaped pieces 
with the triangular i^ieces. 

In the rest of the thorax, the sternal and the epimeral 
regions of the several somites are all firmly united 
together. Nevertheless, shallow grooves answering to 
folds of the cuticle, which run from the intervals 
betvreen the articular cavities for the limbs towards the 
tergal end of the inner w^all of the branchial chamber, 
mark off the epimeral portions of as many somites as 
there are stenia, from one another. 

A short distance above the articular cavities a trans- 
verse groove separates a nearly square area of the lower 
part of the ejumeron from the rest. Towards the 
anterior and ujoper angle of this area, in the two somites 



THE CEPHALOTHORAX. 


153 


which lie immediately in front of the liindermost, there 
is a small round aperture for the attachment of the 



Fig. 39. — Antacns Jliiciatilh . — The cephalothoracic sterna and the endo- 
phra^mal system ( x 2). from beneath; By from above. a,a\ 
arthrophragms or partitions between the articular cavities for the 
limbs ; cephalic apodeme ; r/*, cervical fold ; rjm. 7,epimeronof 
the antennulary somite; A, anterior, and Zt', posterior horizontal 
process of endopleurite : lb, labrum ; m., mesophragm ; mt, meta- 
stoma ; 2 >, paraphragm ; 7 — XTV, cephalothoracic sterna ; 1 — 7^, 
articular cavities of the cephalothoracic appendages. (The anterior 
cephalic sterna are bent downwards in A so as to bring them into 
the same plane with the remaining cephalothoracic sterna ; in B 
these sterna are not shown.) 
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rudimentary branchia. These arere of the epimcra, in 
fact, correspond with the shield-shaped plate of the 
hindermost somite. In the next most anterior somite 
(that which bears the first pair of ambulatory legs) there 
is only a small elevation in the place of the rudimentaiy 
branchia ; and in the anterior four thoracic somites no- 
thing of the kind is visible. 

On the sternal aspect of the thorax (figs. 3 and 39, A) a 
triangular space is interposed between the basal joints or 
coxoi)odites of the i^enultimate and the ante-penultimate 
pairs of ambulatory legs, while the coxopodites of the 
more anterior limbs are closely apj)roximated. The 
triangular area in question is occupied by two sterna 
(fig. 39, A, XII, XIII), the lateral margins of which are 
raised into flange-like ridges. The next two sterna {X, 
XI) are longer, especially that wdiich lies between the 
forceps (X), but they are very narrow ; while the lateral 
processes are reduced to mere tubercles at the i)osterior 
ends of the sterna. Between the three pairs of maxil- 
lipedes, the sterna {VII, VIII, IX) are yet narrower, and 
become gradually shorter ; but traces of the tubercles at 
iheir posterior ends are still discernible. The most 
anterior of these sternal rods passes into a transversely 
elongated plate, shaped like a broad arrow (F, VI), 
which is constituted by the conjoined sterna of the two 
posterior somites of the head. 

Anteriorly to this, and between it and the posterior 
end of the elongated oral apei’ture, the sternal region is 
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occupied only by soft or imperfectly calcified cuticle, 
which, on each side of the hinder part of the mouth, 
passes into one of the lobes of the metastoma (mt). At 
the base of each of these lobes there is a calcified plate, 
united by an oblique suture with another, which occupies 
the whole length of the lobe and gives it firmness. The 
soft narrow lip which constitutes the lateral boundary 
of the oral aperture, and lies between it and the man- 
dible, passes, in front, into the i)osterior face of the 
labrum (Ih). 

In front of the mouth, the stemal region which ai)per- 
tains, in part, to the antennae, and, in part, to the man- 
dibles, is obvious as a broad i;)latc (III), termed the 
epistoma. The middle third of the posterior edge of the 
ei)istoma gives rise to a thickened transverse ridge, with 
rounded ends, slightly excavated behind, and is then 
continued into the labrum (lb), which is strengthened by 
three pairs of calcifications, arranged in a longitudinal 
series. The sides of the front edge of the epistoma are 
excavated, and bound the articular cavities for the basal 
joints of the antenme (3) ; but, in the middle line, the 
epistoma is continued forwards into a spear-head shaped 
process (figs. 39 and 40, II), to which the posterior end of 
the antennulary sternum contributes. The antennulary 
sternum is very narrow, and its anterior or upper end runs 
into a small but distinct conical median spine (fig. 40, t.). 
Upon this follows an uncalcified plate, bent into the form of 
a half cylinder (/), which lies between the inner ends of 
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the eye-stalks and is united with adjacent parts only 
by flexible cuticle, so that it is freely movable. This 
represents the wdiole of the sternal region, and probably 
more, of the ophthalmic somite# • 

The sterna of fourteen somites are thus identifiable in 
the cephalothorax. The corresponding epimera are 



Pig. 40. — Afiacvfi fuviatilut, — The ophthalmic and antcnnulary somites 
( X 3). I, ophthalmic, and /J, antennulary sternum ; J, articular 
surface for cyestalk ,* for antennule ; fjnn^ epimeral plate ; 
2 fcj), proccphalic process ; ?*, base of rostrum ; i, tubercle. 

represented, in the thorax, by the thin inner walls of the 
branchial chamber ; the pleura, by the branchiostegites ; 
and the terga, by so much of the median region of the 
carapace as lies behind the cervical groove. That part of 
the carapace which is situated in front of this groove occu- 
pies the place of the terga of the head ; while the low 
ridge, skirting the oral and prie-oral region, in which it 
terminates laterall}”, represents the pleura of the cephalic 
somites. 

Tlie epimera of the head are, for the most part, very 
narrow ; but those of the antennulary somite are broad 
plates (fig. 40, which constitute tlie posterior 



THE ENDOPHRAGI^LVL SYSTEM. 


157 


wall of the orbits. I am inclined to think that a trans- 
verse ridge, which unites those under the base of the 
rostrum, represents the tergum of the antennulary somite, 
and that the rostrum itself belongs to the next or 
antennary somite.* 

The sharp convex ventral edge of the rostrum (fig. 41) 
is jiroduced into a single, or sometimes two divergent 
spines, which descend, in firont of the ophthalmic somite, 
towards the conical tubercle mentioned above : it thus- 
gives rise to an imperfect i)artition between the orbits. 


Fig. 41 . — Astacm finviatilis , — The restrain, seen from the left side. 

The internal face of the sternal wall of the whole of 
the thorax and of the post-oral j)art of tlie head, presents 
a complicated arrangement of hard parts, which is known 
as the endophragmal system (figs. 39, 71, 42, and 43), and 
which performs the office of an internal skeleton by afford- 
ing attachment to muscles, and serving to lU'otect im- 
portant viscera, while at the same time it ties the somites 
together, and unites them into a solid whole. In reality, 
however, the curious pillars and bulldieads which enter 
into the composition of the endophragmal s^^stem arc all 

♦ There are some singular marine Crustacea, the SqnilUflfP, in which 
both the ophthalmic and the antennary somites are free and movable, 
while the rostrum is articulated with the tergum of the antennary 
somite. 
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mere infoldings of the cuticle, or apodemes ; and, as such, 
they are shed along with the other cuticular structures 
during the process of ecd3’sis. 

Without entering into unnecessary details, the gene- 
ral principle of the construction of the endophragmal 
skeleton may be stated as follows. Four apodemes are 
developed between every two somites, and as every 
apodeme is a fold of the cuticle, it follows that the 
anterior wall of each belongs to the somite in front, and 
the iiosterior wall to the somite behind. All four apodemes 
lie in the ventral half of the somite and form a single 
transverse series ; consequently there are two nearer 
the middle line, wdiich are termed the endosternitcs, and 
two fmther off, which are the endoplcurites. The former 
lie at the inner, and the latter at the outer ends of the 
partitions or arthropUragms (fig. 39, A, a, a', fig. 42, aph), 
between the articular cavities for the basal joints of the 
limbs, and they spring partly from the latter and partly 
from the sternum and the epunera respectively. 

The endosternite (fig. 42, ens,) ascends vertically, with a 
slight inclination forwards, and its summit narrovrs and 
assumes the form of a pillar, witli a flat, transversely 
elongated capital. The inner prolongation of tlie capital 
is called tlie mcsopliragm {mph.)^ the outer the paraphragm 
ipph.). The mesophragms of the two endostemites of a 
-somite usually unite by a median suture, and thus form 
a comi^lete arch over the sternal canal (s.c.), which lies 
between the endostemites. 
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The endopleurites {en.pL) are also vertical i)lates, but 
they are relatively shorter, and their inner angles give off 
two nearly horizontal processes, one of which passes 
obliquely fonvards (fig. 39, B, A, fig. 42, ft.p.) and unites 
with the paraphragm of the endosternite of the somite 
in front, while tlie other, passing obliquely backwards 
(fig. 39, /0> becomes similarly connected with the endo- 
sternite of the somite behind. 



M 

Fig. 42. — Astacns flurlatilU, — A segment of the endophragmal system 
(x 3). artliropliragni; arth, arthrodial or articular cavity; 
exj), ooxopodite of the ambulatory leg ; cupl, endopleurite ; cng^ 
endosternite ; cpm, epimeron ; hp, horizontal process of endo- 
pleurite ; vi2)h, mesophragm ; pph^ paraphragm ; s. sternum of 
somite ; sternal canal. 

The endopleurites of the last thoracic somite are ludi- 
mentarj", and its endosternites are small. On the other 
hand, the mesophragmal processes of the endosternites of 
the two posterior somites of the head (fig. 39, B, c.ap), by 
which the endophragmal system terminates in front, are 
particularly strong and closely united together. They 
thus, with their endopleurites, form a solid j^artition be- 
tween the stomach, which lies upon them, and the mass of 
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coalesced anterior thoracic and posterior cephalic ganglia 
situated beneath them. Strong processes are given oiS 
from their anterior and outer angles, which curve round 
the tendons of the adductor muscles of the mandibles, and 
give attachment to the abductors. 

In front of the mouth there is no such endophragmal 
system as that which lies behind it. But the anterior gas- 
tric muscles are attached to two flat calcified jDlates, which 
appear to lie in the interior of the head (though they are 
really situated in its upper and front wall) on each side 
of the base of the rostrum, and are called the iwocephalic 
processes (figs. 40, 43, p.cp). Each of these plates con- 
stitutes the posterior wall of a narrow cavity which opens 
externally into the roof of the orbit, and has been regarded 
(though, as it appears to me, without suSicient reason) as 
an olfactory organ. I am disposed to think, though I 
have not been able to obtain complete evidence of the 
fact, that the procephalic processes are the representa- 
tives of the “ procephalic lobes ” which terminate the 
anterior end of the body in the embiyo crayfish. At 
any rate, they occu^iy the same i^osition relative!}^ to the 
eyes and to the carapace ; and the hidden position of 
these processes, in the adult, ai)pears to arise from the 
extension of the carapace at tlie base of the rostrum 
over the fore part of the originally free sternal sm’face of 
the head. It has thus covered over the jirocephahc 
processes, in which the sternal wall of the body termi- 
nated ; and the cavities which lie in front of them are 
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simply the interspaces left between the inferior or 
posterior wall of the prolongation of the carapace and 
the originally exposed external faces of these regions of 
the cephalic integument. 

Fourteen somites having thus been distinguished in 
the cephalothorax, and six being obvious in the abdomen, 
it is clear that there is a somite for every pair of api>end- 
ages. And, if we suppose the carapace divided into 
segments answering to these sterna, the whole body will 
be made up of twenty somites, each having a pair of 
appendages. As the carapace, however, is not actually 
divided into terga in correspondence with the sterna 
which it covers, all we can safely conclude from the 
anatomical facts is that it represents the tergal region of 
the somites, not that it is formed by the coalescence of 
primarily distinct terga. In the head, and in the greater 
part of the thorax, the somites are, as it were, run 
together, but the last thoracic somite is pai’tlj’' free and 
to a slight extent moveable, while the abdominal somites 
are all free, and moveably articulated together. At the 
anterior end of the body, and, apparently, from the an- 
tennary somite, the tergal region gives rise to the 
rostrum, which projects between and beyond the e.yes. 
At the opposite extremity, the telson is a corresponding 
median outgrowth of the last somite, wdiich has become 
moveably articulated therewith. The narrowdng of the 
sternal moieties of the anterior thoracic somites, to- 
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gether with the sudden widening of the same parts iu 
the posterior cephalic somites, gives rise to the lateral 
depression (fig, 39, cf) in which the scaphognathite lies; 
The limit thus indicated corresponds with that marked 
by the cervical groove upon the surface of the carapace, 
and separates the head from the thorax. The tliree pair 
of niaxillipedes (^, 8, 9), the forceps (iO), the ambulatory 



Fig. 43. — Astanm flurmtllis . — Longitudinal section of the anterior part 
of the cephalothorax ( x 3), 7 — IX, sterna of first nine cephalo- 
thoracic somites; 7, eyestalk ; 2, basal joint of antennule ; S, basal 
joint of antenna ; ^ mandible ; a, inner division of the masticatory 
surface of the mandible ; a', apophysis of the mandible for muscular 
attachment ; free edge of carapace ; c, endostemite ; cnpl, endo- 
pleurite ; epni, epimeral plate ; I, labrum ; m, muscular fibres con- 
necting epimera with interior of carapace ; mt, metastoma ; pep, 
procephalic process. 
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limbs (11 — i4), and the eight somites of which they are 
the appendages (FIX — XIV) y lie behind this boundary 
and belong to the thorax. The two pairs of maxilla) (5, 6) 
the mandibles (4), the antennie (5), the antemmles (^), 
the eyestalks (i), and the six somites to which they are 
attached (I — FX), lie in front of the boundary and com- 
pose the head. 

Another important point to be noticed is that, in front 
of the mouth, the sternum of the antennary somite (fig. 
43, XXX) is inclined at an angle of 60® or 70® to the direc- 
tion of the sterna behind the mouth. The sternum of the 
antennulary somite (XT) is at right angles to the latter ; and 
that of the eyes (X) looks upwards as well as forwards. 
Henc'.e, the front of the head beneath the rostrum, though 
it looks forwards, or even upwards, is homologous with the 
sternal aspect ’of the other somites. It is for this reason 
that the feelers and the eyestalks take a direction so dif- 
ferent from that of the other appendages. The change 
of aspect of the sternal surface in front of the moutli, 
thus effected, is what is termed the cephalic flexure. 

Since the skeleton which invests the trunk of the cray- 
fish is made up of a twenty-fold repetition of somites, 
homologous with those of the abdomen, we may expect 
to find that the appendages of the thorax and of the head, 
however unlike they may seem to be to those of the ab- 
domen, are nevertheless reducible to the same funda- 
mental plan. 

M 2 
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The third maxillipede is one of the most complete of 
these appendages, and may be advantageously made the 
starting point of the study of the whole series. 



Pig. 44. — Asilacvsfni'iaiilis. — The third or external maxillipede of the 
left side ( x S). lamina, and branchial filaments of the 
podobranchia ; ray;, coxopodite ; exs, coxopoditic scta 3 ; hpf basi- 
podite ; vxj exopodite ; ipy ischiopodite ; meropoditc ; 
carpopodite ; 77 ;, propodite ; dp^ dactylopodite. 

Neglecting details for tlie moment, it may be said that 
tlie appendage consists of a basal portion (fig. 44, exp, hp). 
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with tivo terminal divisions {ip to dp^ and cx), which are 
directed forwards, below the mouth, and a third, lateral 
appendage (c, hr), which runs up, beneath the carapace, 
into the branchial chamber. The latter is the gill, or podo- 
branchia, attached to this limb, and it is something not 
represented in the abdominal limbs. But, with regard 
to the rest of the maxillipede, it is obvious that the 
basal portion {exp, hp) represents the jirotopodite, and 
the two terminal divisions the endopodite and the exo- 
j)odite respectively. It has been observed that, in the 
abdominal appendages, the extent to which segmentation 
occurs in homologous parts varies indefinitely ; an endo- 
podite, for example, may be a continuous plate, or may 
be subdivided into many joints. In the maxillipede, the 
basal portion is divided into two joints ; and, as in the 
abdominal limb, the first, or that which articulates with 
the thorax, is termed the coxopoditc {exp), while the second 
is the hasipodite {bp). The stout, leg-like endopodite 
apjiears to be the direct continuation of the basipodite ; 
while the much more narrow and slender exopodite arti- 
culates with its outer side. The exopodite {ex) is by no 
means unlike one of the exopodites of the abdominal 
limbs, consisting as it does of an undivided base and a 
many-jointed terminal filament. The endopodite, on the 
contrary, is strong and massive, and is divided into five 
joints, named, from that nearest to the base onwards, 
iseldopoditc {ip), meropodite (;mp), earpopodlte {ep), propo^ 
dite {pp), and dactylopodite {dp). 
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The second maxillipede (fig. 45, B) has essentially the 
same composition as the first, but the exopodite (ex) is 
relatively larger, the endopodite {ip — dj)) smaller and 
softer; and, while the ischiopodite (ip) is the longest 
joint in the third maxillii^ede, it is the meropodite {mp) 
which is longest in the second. In the first maxillipede 



Fig. 46. — Asifncv,^ fimafilh. — A, the first ; B, the second maxillipede 
of the left side ( x fw}?, coxopoditc ; hp, hasipoditc ; c, hr, po- 
dobranchia ; cp, epipodite; en, endopodite; ra?, exopodite ; •ij), is- 
chiopodite ; mj), meropodite ; cjy, carpopodite ; propodite ; djh 
dactylopodite. 

(fig. 45, A) a great modification has taken place. The 
coxopodite {exp) and the hasipodite (bp) are broad thin 
plates with setose cutting edges, while the endopodite 
{eii) is short and only two-jointed, and the undivided 
portion of the exopodite {ex) is very long. The place of 



PODOBRANCHIiE AND EPIPODITES. 


167 


the podobranchia is taken by a broad soft membranous 
plate entirely devoid of branchial filaments (ep). Thus, 
in the series of the thoracic limbs, on passing forwai’ds 
from the third maxillipede, we find that though the plan 
of the appendages remains the same ; (1) the protopodite 
increases in relative size ; (2) the endopodite diminishes ; 
(3) the exopodite increases ; (4) the podobranchia finally 
takes the form of a broad membranous plate and loses its 
branchial filaments. 

Writers on descriptive Zoology usually refer to the 
parts of the maxillipedes under dilferent names from those 
which are employed here. The protopodite and the endo- 
podite taken together are commonly called the steui of 
the maxillipede, while the exoi)odite is the palp, and the 
metamorphosed podobranchia, the real nature of which 
is not recognised, is termed Uie Jlapellum. 

When the comparison of the maxillipedes with the 
abdominal members, however, had shown the funda- 
mental uniformity of comi)osition of the two, it became 
desirable to invent a nomenclature of the homologous 
];)arts which should be capable of a general application. 
The names of protox)odite, endopodite, exopodite, which 
I have adopted as the equivalents of the “ stem ” and the 
‘‘palp,’* were proposed by Milne-Edwards, who at the 
same time suggested epipodite for the “flagellum.” And 
the lamellar process of the first maxilliijede is now very 
generally termed an epii^odite ; while the j^odobranchisB, 
which have exactly the same relations to the following 
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limbs, are spoken of as if they were totally different 
strucfcui’es, under the name of brancliije or gills. 

The flagellum or epipodite of the first maxillipede, 
however, is nothing but the slightly modified stem of a 
podobranehia, which has lost its branchial filaments; 
but the term ** epipodite ” may be conveniently used for 
podobranchife thus modified. Unfortunately, the same 
term is aiiplied to certain lamelliform portions of the 
branchiai of other Crustacea, which answer to the laminae 
of the crayfishes’ branchife ; and this ambiguity must be 
borne in mind, though it is of no great moment. 

On examining an aj^pendage from that part of the 
thorax which lies behind tlie tliird maxillipede, say, for 
examine, the sixth thoracic limb (the second walking leg) 
(fig. 46), the two joints of the protopodite and the five 
joints of the endopodite are at once identifiable, and so 
is the podobranehia; but the exopodite has vanished 
altogether. In the eighth, or last, thoracic limb, the 
podobranehia has also disapjieared. The fifth and 
sixth limbs also differ from the seventh and eighth, 
in being chelate ; that is to say, one angle of tlie distal 
end of the propodite is prolonged and forms the fixed leg 
of the pincer. The produced angle is that which is 
turned downwards wdien the limb is fully extended 
(fig. 46). In the forceps, the great chela is formed in 
just the same way ; the only important difference lies in 
the fact that, as in the external maxillipede, the basipo- 
dite and the ischiopodite are immoveably united. Thus, 




Fig. j^i/viatilijf.--The eecond ambulatory Ic^ of the left 

side ( X 8). cay?, coxopodite ; f?j?, basipodite ; If/', gill j cxx, coxo- 
poditic set® ; e, lamina of gill or epipoditc ; />, isdiiopodite ; mp, 
meropodite ; cp, carpopodite 5 pp, propodite ; dp, daotylopodite. 
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the limbs of the thorax are all reducible to the same type 
as those of the abdomen, if we suppose that, in the 
posterior five pair, the exopodites are suppressed; and 
that, in all but the last, podobranchisB are superadded. 

Turning to the appendages of the head, the second 
maxilla (fig. 47, C) presents a further modification of the 
disposition of the parts seen in the first maxillipede. 
The coxopodite {exp) and the basii)odite (Jbp) are still 
thinner and more lamellar, and are subdivided by deep 
fissures which extend from their inner edges. The 
endopodite {en) is very small and undivided. In the 
place of the exopodite and the epipodite there is only 
one great plate, the scaphognathite {sg) which either 
is such an epipodite as tliat of the first maxillipede 
with its anterior basal process much enlarged, or repre- 
sents both the exoi)oditc and the epii)odite. In the first 
maxilla (B), the exopodite and the eiupodite have dis- 
appeared, and the endopodite {en) is insignificant and 
unjointed. In the mandibles (A), the rei)rescntativc of 
the protopodite is strong and transversely elongated. Its 
broad inner or oral end presents a semidrcular mastica- 
tory surface divided by a deep longitudinal groove into 
two toothed ridges. The one of these follows the con- 
vex anterior or inferior contour of the masticatory surface, 
projects far beyond the other, and is lU’ovided with a shaip 
serrated edge; the other (fig. 43, a) gives rise to the straight 
posterior or superior contour of the masticatory surface, 
and is more obtusely tubcrculated. In front, the inner 
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ridge is continued into a process by which the mandible 
articulates with the epistoma (fig. 47, A, ar). The endo- 



Fig. 47 . — Astacna Jiur iaHlis — A, mandible ; B, first maxilla ; C, second 
maxilla of the left side ( x 3). ai\ internal, and ar\ external 
articular process of the mandible ; hp, basipodite ; coxopodite ; 
rn^ endopodite ; p, palp of the mandible ; sg^ scaphognathite ; ir, 
internal process of the first maxilla. 

podite is represented by the three-jointed prtZp (p), the 
terminal joint of 'which is oval and beset with numerous 
strong setae, which are especially abundant along its 
anterior edge. 



172 THE MORPHOLOGY OF THE COMMON CRAYFISH. 


In the antenna (fig. 48, 0) the protopodite is two- 
jointed. The basal segment is small, and its ventral 
face presents the conical prominence on the posterior 
aspect of which is the ai^ertiire of the duct of the renal 
gland The terminal segment is larger and is subdi- 

vided by deep longitudinal folds, one upon the dorsal and 



Pig. fiuviatllig, — A, eye-stalk ; B, antcnnule ; C, antenna 

of the left side ( x 3). a, spine of the basal joint of the antennnle ; 
c, comeal surface of the eye ; e^jfy exopodite or squame of the 
antenna ; gg, aperture of the duct of the green gland. 

one upon tlie ventral face, into two moieties which are 
more or less moveable upon one another. In front and 
externally it bears the broad flat squame {exp) of the an- 
tenna, as an exopodite. Internally, the long annulated 
feeler ” which represents the endopodite, is connected 
with it by two stout basal segments. 
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The antennule (fig. 48, B) has a three-jointed stem 
and two terminal annulated filaments, the outer of which 
is tliicker and longer than the inner, and lies rather above 
as well as external to the latter. The peculiar form of 
the basal segment of the stem of the antennule has already- 
been adverted to (p. 116). It is longer tlian the other 
two segments put together, and near the anterior end 
its sternal edge is produced into a single strong spine (a). 
The stem of the antennule answers to the protopodite of 
the other limbs, though its division into tlirce joints is 
unusual ; the two terminal annulated filaments represent 
the endopodite and the exopodite. 

Finally, the eyestalk (A) has just the same structure 
as the protojiodite of an abdominal limb, having a short 
basal and a long cylindrical terminal jomt. 

From this brief statement of the characters of the appen- 
dages, it is clear that, in whatever sense it is allow-able to 
say that the appendages of the abdomen are constructed 
upon one plan, which is modified in execution by the 
excess of development of one part over another, or by the 
suppression of i^arts, or by the coalescence of one part 
with another, it is allowable to say that all the appen- 
dages are constructed on the same plan, and are modified 
on similar principles. Given a general type of ai)pendage 
consisting of a pi*otoiK)dite, bearing a podobranchia, an 
endoiiodite and an cxo2)oditG, all the actual ai^pendagcs 
are readily derivable from that type. 
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In addition, therefore, to their ada^^tation to tlie pur- 
poses which they subserve, the parts of the skeleton 
of the crayfish show a unity in diversity, such as, if 
the animal were a piece of human workmanship, would 
lead us to suppose that the artificer was under an obliga- 
tion not merely to make a machine capable of doing cer- 
tain kinds of work, but to subordinate the nature and 
arrangement of the mechanism to certain fixed architec- 
tural conditions. 

The lesson thus taught by the skeletal organs is re- 
iterati'd and enforced by the study of the nervous and the 
muscular systems. As the skeleton of the whole bod}- is 
capable of resolution into the skeletons of twenty separate 
metameres, variously modified and combined ; so is the 
entire ganglionic chain resolvable into twenty pairs of 
ganglia various in size, distant in this region and 
approximated in that ; and so is the muscular system 
of the trunk conceivable as the sum of twenty 
myotomes or segments of the muscular system ai)i)ro- 
priate to a metamere, variously modified according to 
the degree of mobility of the different regions of tlie 


The building up of the body by the repetition and 
the modification of a few similar parts, which is so ob- 
vious from the study of the general form of the somites 
and of their appendages, is still more remarkably illus- 
trated, if we pui’sue our investigations further, and trace 
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out the more intimate structure of these parts. The 
tough, outer coat, which has been termed the cuticula, 
except so far as it presents different degrees of hardness, 
from tlie presence or absence of calcareous salts, is 
obviously everywhere of the same nature ; and, by 
macerating a crayfish in caustic alkali, which destroys all 
its otlier components of the bod}^ it will be readily 
enough seen that a continuation of the cuticular layer 
passes in at the mouth and the vent, and lines the 
alimentary canal; furthermore, that processes of the 
cuticle covering various 2)arts of the trunk and limbs 
extend inwards, and afford surfaces of attachment to the 
muscles, as the apodcmata and tendons. In technical 
language, the cuticular substance which thus entei's so 
largely into' the comi)osition of the bodily fabric of the 
crayfish is called a tissue. 

The flesh, or muscle, is another kind of tissue, which 
is readily enough distinguished from cuticular tissue by 
the naked eye ; but, for a complete discrimination of 
all the different tissues, recourse must be had to the 
microscope, the application of which to the study of 
the ultimate optical characters of tlie moi’phological 
constituents of the body has given rise to that branch 
of morphology which is known as Histology, 

If we count every formed element of the body, which 
is separable from the rest by definite characters, as a 
tissue, there are no more than eight kinds of such tissues 
in the crayfish; that is to say, every solid constituent 
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of the body consists of one or more of the following eight 
histological grouj)s : — 

1. Blood coi^puscles ; 2. Epithelium ; 8. Connective 
tissue; 4. Muscle; 5. Nerve; 6. Ova; 7. Spermatozoa; 
8. Cuticle. 

1. A drop of freshly-drawn blood of the crayfish con- 
tains multitudes of small particles, tlie hlood corjMScles, 



Fig. 49. — Astan/g fluriafiUs.^Tho corpuscles of the blood, highly 
magnified, i— 5, show the changes undergone by a single cor- 
puscle during a quarter of an hour ; riy the nucleus ; ,9 and JO 
are corpuscles killed by magenta, and having the nucleus deeply 
stained by the colouring matter. 


which rarely exceed l-700th, and usually are about 
1-lOOOth, of an inch in diameter (fig. 49). They 
are sometimes pale and delicate, but generally more or 
less dark, from containing a number of minute strongly 
refracting granules, and they are ordinarily exceedingly 
irregular in form. If one of them is watched continu- 
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ously for two or three minutes, its shape will be seen to 
undergo the constant but slow changes to which passing 
reference has alread}’' been made (p. 69). One or other of 
the irregular prolongations will be drawn in, and another 
thrown out elsewhere. The corpuscle, in fact, has an 
inherent contractility, like one of those low organisms, 
known as an Amosha, whence its motions are frequently 
called ama^iform. In its interior, an ill-marked oval 
contour may be seen, indicating the presence of a sphe- 
roidal bod}’’, about l-2000th of an inch in diameter, which 
is the nucleus of the corpuscle {n). The addition of some 
re-agents, such as dilute acetic acid, causes the corpuscles 
at once to assume a spherical shape, and renders the nuc- 
leus very conspicuous (fig. 49, 9 and 10). The blood 
corpuscle is, in fact, a simple nucleated cell, composed 
of a contractile protoplasmic mass, investing a nucleus ; 
it is suspended freely in the blood; and, though as 
much a part of the crayfish organism as any other of 
its histological elements, leads a quasi-independent ex- 
istence in that fluid. 

2. Under the general name of epithelium, may be in- 
cluded a form of tissue, which everywhere underlies the 
cxoskeleton (where it corresponds with the epidermis of the 
higher animals), and the cuticular lining of the alimen- 
tary canal, extending thence into the hepatic cteca. It is 
further met with in the generative organs, and in the green 
gland. Where it forms the subcuticular layer of the 
integument and of the alimentary canal, it is found to 
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consist of a protoplasmic substance (fig. 50), in which close 
set nuclei (n) are imbedded. If a number of blood corpus- 
cles could be supposed to be closely aggregated together 
into a continuous sheet, they would give rise to such a 
structure as this; and there can be no doubt that it 
really is an aggregate of nucleated cells, though the 
limits between the individual cells are rarely visible in the 
fresh state. In the liver, however, the cells grow, and 
become detached from one another in the wider and lower 



Fig. 50. — Agtfic?(/t ^wr/<r/<7/.v.~Epitheliuin, from the epidermic layer 
subjacent to the cuticle, highly magnified, yl, in vertical section ; 
B, from the surface, w, nuclei. 

parts of the cscca, and their essential nature is thus 
obvious. 

8. Immediately beneath the epithelial layer follows a 
tissue, disposed in bands or sheets, which extend to the 
subjacent parts, invest them, and connect one with 
another. Hence this is called connective tissue. 

The connective tissue presents itself under three forms. 
In the first there is a transparent homogeneous-looking 
matrix, or ground substance, through which are scattered 
many nuclei. In fact, this form of connective tissue 
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very closely resembles the epithelial tissue, except that 
the intervals between the nuclei are wider, and that the 
'substance in which they are imbedded cannot be broken 
up into a separate cell-body for each nucleus. In the 
second form (fig. 51, A) the matrix exhibits fine wavy 
parallel lines, as if it were marked out into imperfect 



Fig. 51 . — Aftams JluviaUlh . — Connective tissue ; -1, second form ; B, 
third form. £/, cavities ; n, nuclei. Highly magnified. 

fibres. In this form, as in the next to be described, 
more or less spherical cavities, which contain a clear 
fluid, are excavated in the matrix ; and the number of 
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these is sometimes so greats that the matrix is propor- 
tionally very much reduced, and the structure acquires a 
close superficial similarity to that of the parenchyma of 
plants. This is still more the case with a tliird form, in 
which the matrix itself is marked off into elongated or 
rounded masses, each of which has a nucleus in its 
interior (fig. 51, B). Under one form or another, the 
connective tissue extends throughout the body, ensheath- 
ing the various organs, and forming the walls of the blood 
sinuses. 

The third form is jiariicularly abundant in the outer 
investment of the heart, the arteries, the alimentary 
canal, and the nervous centres. About the cerebral and 
anterior thoracic ganglia, and on the exterior of the 
heart, it usually contains more or less fatty matter. In 
these regions, many of the nuclei, in fact, are hidden by 
the accumulation round them of granules of various 
sizes, some of which are comi>osed of fat, while others 
consist of a j)roteinaceous material. These aggregates 
of granules are usually spheroidal; and, with the matrix in 
which they are imbedded and the nucleus which they sur- 
round, they are often readily detached when a portion of 
the connective tissue is teased out, and are then known as 
fat cells. From what has been said respecting the dis- 
tribution of the connective tissue, it is obvious that if 
all the other tissues could be removed, this tissue would 
form a continuous whole, and represent a sort of model, 
or cast, of the whole body of the crayfish. 
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4. The muscular tissue of the crayfish always has the 
form of bands or fibres, of very various thickness, marked, 
when viewed by transmitted light, by alternate dai’ker and 


71 . 



Fia. 52. — A/itar7iJt JfitnatUu. — A, a siiiftle muscular fibre, transverse 
diameter jlijtli of an inch ; B, a portion of the same more hiprhly 
magnified ; C, a smaller portion treated with alcohol and acetic 
acid still more highly magnified ; D and E, the splitting up of a 
part of a fibre, treated with picro-carmine, into fibrilla? ; F, the 
connection of a nervous with a muscular fibre which has been 
treated with alcohol and acetic acid. a. darker, and h, clearer portions 
of the fibrillas ; nuclei ; nv. nerve fibre ; .v, sarcolemma ; t, tendon ; 
1 — 5, successive dark granular striae answering to the granular 
portions, a, of each fibrilla. 
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lighter striae, transversely to the axis of the fibres 
(fig. 52 A). The distance of tlie transverse striae from one 
another varies with the condition of the muscle, from 
1-4, 000th of an incli in the quiescent state to as little as 
1-30, 000th of an inch in that of extreme contraction. 
The more delicate muscular fibres, like those of the 
heart and those of the intestine, are imbedded in the 
connective tissue of the organ, but have no special sheaths. 
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Fig. 63. — A/itaevJi JluvlaiiJM, — ^1, living miTscular fibres very highly 
inagnified ; J9, a fibrilla treated with solution of sodium chloride ; 
C, a fibrilla treated with strong nitric acid, s, septal lines ; 
septal zones ; w, interseptal zones ; or, transverse line in the inter- 
septal zone. 

The fibres which make up the more conspicuous muscles 
of the trunk and limbs, on the other hand, are much 
larger, and are invested by a thin, transparent, structure- 
less sheath, which is termed the sarcolcmma. Nuclei 
ai’e scattered, at intervals, through the striated substance 
of the muscle ; and, in the larger muscular fibres, a layer 
of nucleated protoplasm lies between the sarcolemma and 
the striated muscle substance. 
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This much is reiiclily seen in a specimen of muscular 
fibre taken from any i)art of tlie body, and whether alive 
or dead. But the results of the ultimate oiitical analysis 
of these appearances, and the conclusions respecting the 
normal structure of striped muscle which may be legiti- 
mately drawn from them, have been the subjects of much 
controversy. 

Quiescent muscular fibres from tlie chela of the forceps 
of a crayfish, examined w’^hile still living, without the 
addition of any extraneous fluid, and with magnifying 
powers of not less than seven or eight hundred diameters, 
exhibit the following appearance. At intervals of about 
l-4000th of an inch, very delicate but dark and well- 
defined transverse lines are visible ; and these, on careful 
focussing, appear beaded, as if they were made of a series 
of close-set minute granules not more than 1 -20,000th 
to l-30,000th of an inch in diameter. These may be 
termed the septal lines (fig. 52, D and E, a; C, 1 — 5 ; 
fig. 53, s). On each side of every sejital line there 
is a very narrow i^erfectly transparent band, which may 
be distinguished as the septal zone (fig. 53, sz). Upon 
this follows a relatively broad band of a substance which 
has a semi-transparent aspect, like very finely ground 
glass, and hence appears somewhat dark relatively to the 
septal zone. Upon this inter-septal zone (is) follows 
another septal zone, then a septal line, another septal 
zone, an inter-septal zone, and so on throughout the 
whole length of the fibre. 
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In the perfectly unaltered state of the muscle no other 
transverse markings than these are discernible. But it is 
always possible to observe certain longitudinal markings ; 
and these are of three kinds. In the first place, the nuclei 
which, in the perfectly fresh muscle, are delicate trans- 
parent oval bodies, are lodged in spaces which taper off at 
each end into narrow longitudinal clefts (fig. 52, A, B). Pro- 
longations of the protoplasmic sheath of the fibre extend 
inwards and fill these clefts. Secondly, there are similar 
clefts interposed between these, but narrow and merely 
linear throughout. Sometimes these clefts contain fine 
granules. Thirdly, even in the perfect!}" fresh muscle, 
extremely faint parallel longitudinal strije 1-7, 000th 
of an inch, or thereabouts, apart, traverse the several 
zones, so that longer or shorter segments of the 
successive sei^tal lines are inclosed between them. A 
transverse section of the muscle appears divided into 
rounded or polygonal areje of the same diameter, sepa- 
rated from one another here and there by minute inter- 
stices. Moreover, on examination of perfectly fresh 
muscle with high magnifying powers, the sei)tal lines are 
hardly ever straight for any distance, but are broken up 
into short lengths, which answer to one or more of the 
longitudinal divisions, and stand at slightly different 
heights. 

The only conclusion to be drawn from these appear- 
ances seems to me to be that the substance of the muscle 
is composed of distinct fibrils ; and that the longitudinal 
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striflB and the rounded are® of the transverse section are 
simply the optical expressions of the boundaries of these 
fibrils. In the perfectly unaltered state of the tissue, 
however, the fibrils are so closely packed that their 
boundaries are scarcely discernible. 

Thus each muscular fibre may be regarded as com- 
posed of larger and smaller bundles of fibrils im- 
bedded in a nucleated protoplasmic framework which 
ensheaths the whole and is itself invested b}^ the sar- 
colemma. 

As the fibre dies, the nuclei acquire hard, dark contours 
and their contents become granular, while at the same 
time the fibrils acquire sharp and well-defined boundaries. 
In fact, the fibre may now be readily teased out with 
needles, and the fibrils isolated. 

In muscle which has been treated wdtli various reagents, 
such as alcohol, nitric acid, or solution of common salt, 
the fibrils themselves mnj" be split up into filaments of 
extreme tenuity, each of which appears to answer to 
one of the granules of the septal lines. Such an 
isolated muscle filament looks like a ver}^ fine thread 
carrying minute beads at regular intervals. 

The septal lines resist most reagents, and remain 
Aieiblo in muscular fibres wdiich have been subjected to 
various modes of treatment ; but they may have the 
appearance of continuous bars, or be more or less com- 
pletely resolved into separate granules, according to cir- 
cumstances. On the other hand, what is to be seen in 
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tlie interspace between every two septal lines depends 
upon the reagent employed. With dilute acids and 
strong solutions of salt, the inter-septal substance swells 
up and becomes transparent, so that it ceases to be dis- 
tinguishable from the septal zone. At the same time a 
distinct but faint transverse line may appear in the 
middle of its length. Strong nitric acid, on the con- 
traiy, renders the inter-septal substance more opaque, 
and the septal zones consequently ai^pear very well 
defined. 

In living and recently dead muscle, as well as in 
muscles which have been lu’eserved in spirit or hardened 
with nitric acid, the inter-septal zones polarize light; and 
hence, in the dark field of the polarizing microscope, the 
fibre appears crossed by bright bands, which correspond 
with the inter-septal zones, or at any rate, with the 
middle parts of them. The substance ^vhich forms the 
septal zones, on the contrary, i)roduces no such effect, 
and consequently remains dark; while the septal lines 
again have the same property as the inter-septal sub- 
stance, though in a less degree. 

In fibres which have been acted upon by solution of 
salt, or dilute acids, the inter-septal zones have lost 
their polarizing property. As we know that the reagents 
in question dissolve the peculiar constituent of muscle, 
myosin, it is to be concluded that the inter-septal sub- 
stance is chiefly composed of myosin. 

Thus a fibril may . be considered to be made up of 
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segments of different material arranged in regular order ; 
S — sz — IS — sz — S— -sz — IS— sz — S : S representing the 
septal line; sz, the septal zone ; IS, the inter-septal zone. 
Of these, IS is the chief if not tlie only seat of the 
myosin; what the composition of sz and of S may be 
is uncertain, but the supposition, that, in the living 
muscle, sz is a mere fluid, appears to me to be wholly 
inadmissible. 

When living muscle contracts, the inter-septal zones 
become shorter and wider and their margins darker, 
wliile the se 2 )tal zones and the se 2 )tal lines tend to 
become effaced — as it ajij^ears to me sinijoly in conse- 
quence of the approximation of the lateral margins of 
the inter-septal zones. It is jprobable that the sub- 
stance of the intermediate zone is the chief, if not the 
only, seat of the activity of the muscle during con- 
traction. 

5. The elements of the nciroiis tissue are of two kinds, 
nerre-cells, and nerve fibres ; the former arc found in the 
ganglia, and they vary very much in size (fig. 54, B). Each 
ganglionic corpuscle consists of a cell body ];)roduced 
into one or more in’ocesses which sometimes, if not 
always, end in nerve fibres. A large, clear si^herical 
nucleus is seen in tlie interior of the nerve-cell ; and 
in the centre of this is a well defined, small round 
particle, the nucleolus. The corpuscle, when isolated, 
is often surrounded by a sort of sheath of small nucle- 
ated cells. 
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The nerve fibres (fig. 55) of the cra 3 ^fish are remarkable 
for the large size which some of them attain. In the 
central nervous system a few reach as much as l-200th of 
an inch in diameter; and fibres of l-800th or l-400th of 



Fig. 54. — Antacux flariatiliit, — A, one of the (double) abdominal gan- 
glia, with the nen^es connected with it ( x 25) ; B, a nerve cell or 
ganglionic corpuscle ( x 250). a, sheath of the nerves ; r*, sheath 
of the ganglion ; eo^ co\ commissural cords connecting the ganglia 
with those in front, and those behind them. < 7 ?.c. points to the 
ganglionic corpuscles of the ganglia ; n. nerve fibres. 

an inch in diameter are not rare in the main branches. 
Each fibre is a tube, fonned of a strong and elastic, some- 
times fibrillated, sheath, in which nuclei are imbedded 
at iiTegular intervals ; and, when the nerve trunk gives 
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oflf a branch, more or fewer of these tubes divide, sending 
oS a jDrolongation into each branch. 

When quite fresh, the contents of the tubes are per- 
fectl}^ pellucid, and without the least indication of struc- 
ture ; and, from the manner in which the contents 
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Fig. r>r>. — Asfftr7/.<f HirviatiHs . — Three nerve fibres, with the connective 
tissue in which they are imbedded (magnified about 250 diameters) ; 
n, nuclei. 

exude from the cut ends of the tubes, it is evident that 
they consist of a fluid of gelatinous consistency. As the 
fibre dies, and under tlie influence of water and of many 
chemical re-agents, the contents break up into globules 
or become turbid and finely granular. 

Where motor nerve fibres terminate in the muscles to 
which they are distributed, the sheath of each fibre 
becomes continuous with the sarcolemma of the muscle, 
and the subjacent protoplasm is commonly raised into a 
small prominence wliich contains several nuclei (fig. 52, F). 
These are called tlie terminal or motor plates. 
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6, 7. The ova and the spermatozoa have already been 
described (pp. 182 — 185). 

It will be observed that the blood corpuscles, tlie 
epithelial tissues, the ganglionic corpuscles, the ova 
and the spermatozoa, are all demonstrably nucleated 
cells, more or less modified. The first form of con- 
nective tissue is so similar to epithelial tissue, that it may 
obviousty be regarded as an aggregate of as many cells as 
it presents nuclei, the matrix representing the more or 
less modified and confluent bodies of the ceils, or jiroducts 
of these. But if this be so, then the second and third 
forms have a similar composition, except so far as the 
matrix of the cells has become fibrillated, or vacuolated, 
or marked off into masses corresponding with the several 
nuclei. By a parity of reasoning, muscular tissue may 
also be considered a cell aggregate, in which the inter- 
nuclear substance has become converted into striated 
muscle; while, in the nerve fibres, a like jirocess of 
metamorphosis may have given rise to the pellucid 
gelatinous nerve substance. But, if we accept the 
conclusions thus suggested by the comparison of the 
various tissues with one another, it follows that every 
histological element, which has now been mentioned, 
is either a simple nucleated cell, a modified nucleated 
cell, or a more or less modified cell aggregate. In 
otlier words, every tissue is resolvable into nucleated 
cells. 




Fig. />0 . — Axidfiix fluviatiUs . — ^The structure of the cuticle, yl. trans- 
verse section of a joint of the forceps ( x 4) ; s, setae ; 7?, a por- 
tion of the same ( x 30) ; a portion of B more highly magnified. 
a, epiostracum ; h. ectostracum ; c, endostracum ; (7, canal of seta ; 

canals filled with air ; .<?, seta, i), section of an intersternal 
membrane of the abdomen, the portion to the right in tlio natural 
condition, the remainder pulled apart with needles ( x 20) ; E, 
small x>ortion of the same, highly magnified ; a, intermediate sub- 
stance ; laminae. J'] a seta, highly magnified ; a and h, joints. 
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A notable exception to this generalisation, however, 
obtains in the case of the cuticular structures^ in which 
no cellular components are discoverable. In its simplest 
form, such as that presented by the lining of the in- 
testine, the cuticle is a delicate, transparent membrane, 
thrown off from the surface of the subjacent cells, either 
by a process of exudation, or by the chemical transfor- 
mation of their superficial layer. No pores are discern- 
ible in this membrane, but scattered over its surface 
tliere are oval j^atches of extremely minute, sliarj) conical 
processes, which are rarely more than l-5,000th of an 
inch long. Where the cuticle is thicker, as in the 
stomach and in the exoskeleton, it presents a stratified 
appearance, as if it were composed of a number of laminae, 
of varjung thickness, which had been successively thrown 
off from the subjacent cells. 

Where the cuticular la^^er of the integument is un- 
calcified, for example, between the sterna of the abdo- 
minal somites, it i3resents an external, thin, dense, 
wrinkled lamina, the cpiosti'acum, followed by a soft 
substance, which, on vertical section, presents numerous 
alternately more transparent and more opaque bands, 
which run parallel with one another and with the free 
surfaces of the slice (fig. 56, D). These bands are very 
close-set, often not more than l-6000th of an inch apart 
near the outer and the inner surfaces, but in the middle 
of the section they are more distant. 

If a thin vertical slice of the soft cuticle is gently 
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pulled with needles in the direction of its depth, it 
stretches to eight or ten times its previous diameter, 
the clear intervals between the dark bands becoming 
proportionally enlarged, especially in the middle of the 
slice, while the dark bands themselves become apparently 
thinner, and more sharjoly defined. The dark bands 
may then be readily drawTi to a distance of as much as 
l-300th of an inch from one another ; but if the slice is 
stretched further, it splits along, or close to, one of the 
dark lines. The whole of the cuticular layer is stained 
by such colouring matters as lia)niatox3din ; and, as the 
dark bands become more deeply coloured than the inter- 
mediate transparent substance, the transverse stratifi- 
cation is made veiy manifest by this treatment. 

Examined with a high magnifying power, the trans- 
parent substance is seen to be traversed b,y close-set, 
faint, vertical lines, while the dark bands are shown to 
be produced by the cut edges of delicate lamimc, having 
a finely striated appearance, as if they were composed 
of delicate parallel wavy fibiillje. 

In the calcified parts of the exoskcleton a thin, tough, 
wrinkled eiiiostracum (fig. 56, B, a), and, subjacent to 
this, a number of alternately lighter and darker strata 
are similarly discernible : though all but the innermost 
laminas are hardened b}* a deposit of calcareous salts, 
which are generally evenly diffused, but sometimes take 
the shape of rounded masses with irregular contours. 

Immediately beneath the epiostracum, there is a zone 
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which ma}'' occupy a sixth or a seventh of the thickness 
of the whole, which is more transparent than the rest, 
and often presents hardly any trace of horizontal or 
vertical striation. When it appears laminated, the strata 
are very thin. This zone may be distinguished as the 
ectostraciim (6), from the endostracum (c), which makes 
up the rest of the exoskclcton. In the outer part of the 
endostracum, the strata are distinct, and may be as much 
as l-500th of an incli thick, but in the inner part they 
become veiy thin, and the lines which separate them 
nia}'^ be not more tlian l-8000th of an incli aj)art. 
Fine, parallel, close-set, vertical striie (e) traverse all the 
strata of the endostracum, and may usually be traced 
through the ectostracum, though they are always faint, 
and sometimes hardl}’^ discernible, in this region. When 
a high magnifying power is employed, it is seen that 
these strije, which are about l-TOOOtli of an inch apart, 
ai-e not straight, but that they present regular short un- 
dulations, tlie alternate convexities and concavities of 
which correspond with the light and the dark bands 
respectively. 

If the hard exoskeleton has been allowed to become 
partially or wholly dry before the section is made, the 
latter will look white by reflected and black b}" trans- 
mitted light, in consequence of the jdaces of the striie 
being taken by threads of air of such extreme tenuity, 
that they may measure not more than l-30,000th of an 
inch in diameter. It is to be concluded, therefore, that 
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tlie striae are the optical indications of parallel undulating 
canals Avliich traverse the successive strata of the cuticle, 
and are ordinarily occupied hy a fluid. When tliis dries 
up, the surrounding air enters, and more or less com- 
jiletely fills the tubes. And that this is really the case 
may be proved by maldng very thin sections parallel with 
the face of the exoskeleton, for these exhibit innumerable 
minute perforations, set at regular distances from one 
another, which correspond with the intervals between the 
striai in the vertical section ; and sometimes the contours 
of the areas which separate the apertures are so well 
defined as to suggest a pavement of minute angular 
blocks, the corners of which do not quite meet. 

When a portion of the hard exoskeleton is decalcified, 
a chitinous substance remains, which presents the same 
structure as that just described, except that the epios- 
tracum is more distinct ; while the ectostracum appears 
made up of very thin lamiiue, and the tubes are rex)re- 
sented by delicate striie, which appear coarser in the 
region of the dark zones. As in the naturally soft parts 
of the exoskeleton, the decalcified cuticle may be sjdit 
into flakes, and the pores are then seen to be dis^^osed 
in distinct arete circumscribed b}" clear x)olygonal borders. 
These perforated area? appear to coiTes];)ond with indi- 
vidual cells of tlie ectoderm, and the canals thus answer 
to the so-called ‘‘ pore-canals,” which are common in 
cuticular structures and in tha walls of many cells 
which bound free surfaces. 
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The whole exoskeleton of the crayfish is, in fact, 
produced b}" the cells wliich underlie it, either by the 
exudation of a chitinous substance, which subsequently 
hardens, from them; or, as is more probable, by the 
chemical metamorphosis of a superficial zone of the 
bodies of the cells into chitin. However this may be, 
the cuticular i^i'oducts of adjacent cells at first form a. 
simple, continuous, thin i)ellicle. A continuation of the 
process by which it was originated increases the thick- 
ness of the cuticle ; but the material thus added to the 
inner surface of the latter is not alway s of the same 
nature, but is alternately denser and softer. The denser 
material gives rise to the tough lamina?, the softer to 
the intermediate transparent substance. But the quan- 
tity of the latter is at first very small, whence the more 
external lamime are in close ai^position. Subsequently 
the quantity of the intermediate substance increases, and 
gives rise to the thick stratification of the middle region, 
while it remains insignificant in the inner region of the 
exoskcleton. 

The cuticular structures of the crayfish difler from 
the nails, hairs, hoofs, and similar hard parts of the 
higher animals, insomuch as the latter consist of aggrega- 
tions of cells, the bodies of which have been metamor- 
phosed into horny matter. The cuticle, with all it& 
dependencies, on the contraiy, though no less dependent 
on cells for its existence, is a derivative product, the 
formation of which does not involve the complete meta- 
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morpliosis and consequent destruction of the cells to 
which it owes its origin. 

The calcareous salts by which the calcified exoskeleton 
is hardened can only be sujijilied by the infiltration of a 
fluid in wdiich tliey are dissolved from the blood ; while 
the distinctive structural characters of the epiostracum, 
the ectostracum, and the endostracum, are the results of 
a process of metamorphosis which goes on pari passu with 
this infiltration. To what extent this metamorphosis is 
a properly vital process ; and to what extent it is explic- 
able by the ordinary ph3"sical and chemical properties of 
the animal membrane on the one hand, and the mineral 
salts on the other, is a curious, and at jiresent, un- 
solved ijroblom. 

The outer surface of the cuticle is rarely smooth. 
Generally it is more or less obviously ridged or tubercu- 
lated; and, in addition, presents coarser or finer hair- 
like xirocesses which exhibit eveiy gradation from a fine 
microscopic down to stout siiincs. As these xu’ocesses, 
though so similar to hairs in general ax)pearance, are 
essentially different from the structures known as hairs 
in the higher animals, it is better to speak of them as 
scUe. 

These setje (fig. 5G, F) are sometimes short, slender, 
conical filaments, the surface of wdiich is quite smooth ; 
sometimes the surface is produced into minute serra- 
tions, or scale-like prominences, disx)osed in two or more 
scries ; in other setae, the axis gives off slender lateral 
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branches ; and in the most complicated form the branches 
are ornamented with lateral branchlets. For a certain 
distance from the base of the seta, its surface is usually 
smooth, even when the rest of its extent is ornamented 
with scales or branches. Moreover, the basal part of the 
seta is marked off from its ai^ical moiety by a sort of 
joint which is indicated by a slight constriction, or by a 
peculiarity in the structure of the cuticula at this point. 
A seta almost always takes its origin from the bottom of 
a depression or pit of the layer of cuticle, from which it is 
developed, and at its junction with the latter it is generally 
thin and flexible, so that the seta moves easily in its 
socket. Each seta contains a cavity, the boundaries of 
which generally follow the outer contours of the seta. In 
a good many of the set<T, however, the parietes, near the 
base of the seta, are thickened in such a manner as 
almost, or completcl}", to obliterate the central cavity. 
However thick the cuticle may be at the point from 
which the setae take their origiii, it is always traversed 
by a funnel-shaped canal (fig. 56, B, d)y which usualty 
expands beneath the base of the seta. Through this 
canal the subjacent ectoderm extends up to the base of 
the seta, and can even be traced for some distance into 
its interior. 

It has already been mentioned that the apodemata and 
the tendons of the muscles are infoldings of the cuticle, 
embraced and secreted by corresponding involutions of 
the ectoderm. 
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Thus the body of the crayfish is resolvable, in the first 
place, into a repetition of similar segments, the mctamcrcs, 
each of which consists of a somite and two appendages ; 
the metameres are built up out of a few simple tissues ; 
and, finally, the tissues are either aggregates of more or 
less modified nucleated cells^ or are products of such cells. 
Hence, in ultimate morphological analysis, the crayfish 
is a multiple of the histological unit, the nucleated cell. 

What is true of tlie crayfish, is certainly true of all 
animals, above the very lowest. And it cannot yet be con- 
sidered certain that the generalization fails to hold good 
even of the simplest manifestations of animal life ; since 
recent investigations have demonstrated the presence of 
a nucleus in organisms in which it had hitlierto api)eared 
to be absent. 

However this may be, there is no doubt that in the 
case of man and of all vertebrated animals, in that 
of all arthropods, mollusks, echinoderms, worms, and 
inferior organisms down to the very lowest sponges, the 
j)roccss of morjdiological analysis yields the same result 
as in the case of the crayfish. The body is built uj) of 
tissues, and the tissues are either obviously composed of 
nucleated cells ; or, from the presence of nuclei, thej^ 
may be assumed to be the results of the metamorphosis 
of such ceils ; or they are cuticular structures. 

The essential character of the nucleated cell is that it 
consists of a protoplasmic substance, one part of which 
differs somewhat in its physical and chemical characters 
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irom the rest, and constitutes the nucleus. What part 
the nucleus plays in relation to the functions, or vital 
activities, of the cell is as yet unknown ; but that it is 
the seat of operations of a different character from those 
which go on in the body of the cell is clear enough. 
For, as vro have seen, however different the several 
tissues may be, the nuclei which the}’’ contain are very 
much alike; whence it follows, that if all these tissues 
were primitively comj)osed of sim})le nucleated cells, it 
must be the bodies of the cells which have undergone 
metnniorphosis, while the nuclei have remained rela- 
tively lined) anged. 

On tlie other hand, when cells multiply, as they do 
in all growing parts, by the division of one cell into two, 
the signs of the process of internal change which ends 
in (issioii are apjiarent in the nucleus before they are 
manitest in the body of the cell; and, commonly, the 
division of the former precedes that of the latter. Thus 
a single cell body may jiossess two nuclei, and may be- 
come divided into two cells by the subsequent aggrega- 
tion of the two moieties of its protoplasmic substance 
round each of them, as a centre. 

In some cases, very singular structural changes take 
jdace in the nuclei in the course of the process of cell- 
division. The granular or fibrillar contents of tlie 
nucleus, the wall of 'which becomes less distinct, arrange 
themselves in the form of a spindle or double cone, 
formed of extremely delicate filaments ; and in the plane 
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of the base of the double cone the filaments present knots 
or thickenings, just as if they were so many threads with 
a head in the middle of each. When the nuclear spindle 
is viewed sideways, these beads or thickenings give rise 
to the appearance of a disk traversing the centre of the 
spindle. Soon each bead separates into two, and these 
move away from one another, but remain connected by a 
fine filament. Thus the structure which had the form of 
a double cone, with a disk in the middle, assumes that of 
a short cylinder, witli a disk and a cone at each end. But 
as the distance between the tw^o disks increases, the 
uniting filaments lose their parallelism, converge in tlie 
middle, and finally separate, so that two separate double 
cones are develoi)ed in place of the single one. Along 
with these changes in the nucleus, others occur in the 
protoplasm of the cell body, and its parts commonly dis- 
phx}" a tendency to arrange themselves in radii from the 
extremities of the cones as a centre; while, as the separa- 
tion of the two secondary nuclear spindles becomes com- 
plete, the cell bod}^ gradually splits from the periphery 
inwards, in a direction at right angles to the common 
axis of the spindles and between their apices. Thus 
two cells are formed, where, previously, only one existed ; 
and tlie nuclear spindles of each soon revert to the 
globular form and confused arrangement of tlie con- 
tents, characteristic of nuclei in their ordinary state. 
The formation of these nuclear siiindles is very beau- 
tifiill}’’ seen in the epithelial cells of the testis of the 



202 THE MORPHOLOGY OF THE COMMON CRAYFISH, 

crayfish (fig. 33, p. 132) ; but I have not been able to find 
distinct evidence of it elsewhere in this animal; and 
although the process has now been proved to take place 
in all the divisions of the animal kingdom, it would seem 
that nuclei may, and largely do, undergo division, without 
becoming converted into spindles. 

The most cursoiy examination of any of the higher 
plants shows that the vegetable, like the animal body, 
is made up of various kinds of tissues, such as pith, 
woody fibre, spiral vessels, ducts, and so on. But even 
the most modified forms of vegetable tissue depart so 
little from the type of the simple cell, that the reduction 
of them all to that common type is suggested still more 
strongly than in the case of the animal fabric. And 
thus the nucleated cell appears to be the morphological 
unit of the plant no less than of the animal. Moreover, 
recent inquiry has shown that in the course of the 
multiplication of vegetable cells b.y division, the nuclear 
spindles may appear and run through all their remark- 
able changes b}" stages precisely similar to those vrhicli 
occur in animals. 

The question of the universal presence of nuclei in 
cells may be left open in the case of Plants, as in that 
of Animals ; but, speaking generally, it may justly be 
affirmed that the nucleated cell is the morphological 
foundation of both divisions of the living world; and 
the great generalisation of Schleiden and Schw'ann, 
that there is a fundamental agreement in structure and 
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development between plants and animals, has, in sub- 
stance, been merelj^ confirmed and illustrated by the 
labours of the half century which has elapsed since its 
promulgation. 

Not only is it true that the minute structure of the 
crayfish is, in principle, the same as that of any other 
animal, or of any plant, however different it may be in 
detail ; but, in all animals (save some exceptional forms) 
above the lowest, the body is similarly composed of 
three layers, ectoderm, mesoderm, and endoderm, dis- 
posed around a central alimentary cavity. The ectoderm 
and the endoderm always retain their epithelial character ; 
wliile the mesoderm, which is insignificant in the lower 
organisms, becomes, in the liigher, far more complicated 
even than it is in the crayfish. 

Moreover, in the whole of the Arthropoda, and the 
whole of the Vertehrata, to say nothing of other groups 
of animals, the body, as in the craj^fish, is susceptible 
of distinction into a scries of more or less numerous 
segments, composed of homologous parts. In each 
segment these parts are modified according to physio- 
logical requirements ; and by the coalescence, segrega- 
tion, and change of relative size and i)ositi()n of the 
segments, well characterized regions of the body are 
marked out. And it is remarkable that precisely tlie 
same principles are illustrated by the morphology of 
jdants. A flower with its whorls of sej)als, petals, 
stamens and carpels has the same relation to a stem 
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with its whorls of leaves, as a cra5’fish’s head has to its 
iibdomen, or a dog’s skull to its thorax. 

It may be objected, however, that the morphological 
generalisations which have now been reached, are to a 
considerable extent of a speculative character ; and that, in 
the case of our crayfish, the facts warrant no more than 
the assertion that the structiii*e of that animal may be 
consistently interpreted, on the supposition that the body 
is made up of homologous somites and appendages, and 
that tlie tissues are the result of the modification of 
homologous histological elements or cells ; and the ob- 
jection is perfectly valid. 

There can be no doubt that blood corpuscles, liver 
cells, and ova are all nucleated cells ; nor any that the 
third, fourth, and fifth somites of the abdomen are con- 
structed upon the same plan ; for these i)ropositions are 
mere statements of the anatomical facts. But when, from 
the presence of nuclei in connective tissue and muscles, 
we conclude that these tissues are composed of modified 
cells ; or when we say that the ambulatory limbs of the 
thorax are of the same tj^pe as the abdominal limbs, the 
cxopodite being suiipressed, the statement, as the evi- 
dence stands at present, is no more than a convenient 
way of interj)reting the facts. The question remains, 
lias the muscle actually been formed out of nucleated 
cells ? Has the arabulatoiy limb ever possessed an 
exopodite, and lost it ? 
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The answer to these questions is to he sought in the 
facts of individual and ancestral development. 

An animal not only is, but becomes ; the crayfish is the 
product of an egg, in which not a single structure visible 
in the adult animal exists : in that egg the different tissues 
and organs make their apjiearance by a gradual process of 
evolution ; and the stud}’' of this process can alone tell 
us whether the unity of conqiosition suggested by tlie 
comparison of adult structures, is borne out by the facts 
of their development in the individual or not. The. 
hyjiotliesis that the body of the crayfish is made uj) of a 
series of homologous somites and appendages, and tluit 
all the tissues are composed of nucleated cells, might be 
only a ];)ermissible, because a useful, mode of colligating 
the facts of anatomy. The investigation of the actual 
manner in which the evolution of the body of the crayfish 
has been effected, is the only means of ascertaining 
whether it is anything more. And, in this sense, deve- 
lopment is the criterion of all morphological speculations.. 

. The first obvious change which takes place in an im- 
pregnated ovum is the breaking up of the yelk into 
smaller portions, each of which is provided with a nucleus, 
and is termed a hlaatomerc. In a general moiphological 
sense, a blastomere is a nucleated cell, and differs from 
an ordinary cell only in size, and in the usual, though by 
no means invariable, abundance of granular contents ; 
and blastomeres insensibly pass into ordinary cells, as 
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the process of division of the j^elk into smaller and 
smaller portions goes on. 

In a great many animals, the splitting-up into blasto- 
meres is effected in such a manner that the yellc is, at 
first, divided into equal, or nearly equal, masses ; that 
each of these again divides into two ; and that the number 
of blastomeres thus increases in geometrical progression 
until the entire yelk is converted into a mulberry-like 
body, termed a morula, made up of a great number 
of small blastomeres or nucleated cells. The whole 
organism is subsequently built up by the multiiDlication, 
the change of position, and the metamorphosis of these 
products of yelk division. 

In such a case as this, yelk division is said to be 
comj^lete. An unessential modification of complete yelk 
division is seen when, at an eaidy period, the blastomeres 
produced by division are of unequal sizes ; or when tliey 
become unequal in consequence of division taking place 
much more rajiidly in one set than in another. 

In man}^ animals, especial^ those which have large 
ova, the inequality of division is i)ushed so far that only 
a portion of the yelk is affected by the process of fission, 
while the rest serves merely as food’yclk, for nutriment 
to the blastomeres thus produced. Over a greater or 
less extent of the surfiice of the egg, the protoplasmic 
substance of the yelk segregates itself from the rest, 
and, constituting a germinal layer, breaks up into the 
blastomeres, wliich multiply at the expense of the food- 
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yelk, and fabricate the body of the embryo. This process 
is termed partial or incomplete yelk division. 

The crayfish is one of those animals in the egg of 
which the yelk undergoes partial division. The first 
steps of the process have not yet been thoroughly worked 
out, but their result is seen in ova which have been but 
a short time laid (fig. 57, A). In such eggs, the great 
mass of the substance of the vitellus is destined to play 
the part of food-j^elk ; and it is disposed in conical 
masses, which radiate from a central spheroidal portion 
to tlie periphery of the j^elk (v). Corresponding with the 
base of each cone, there is a clear protoplasmic plate, 
w’hich contains a nucleus ; and as these bodies are all 
in contact by their edges, the}’’ form a complete, though 
tldii, investment to the food-yelk. This is termed the 
blastoderm (hi). 

Each nucleated iirotoplasmic plate adheres firmly to 
the corresponding cone of granular food-yelk, and, in all 
jirobability, the two together represent a blastomere ; 
but, as the cones only indirectly subserve the growth of 
the embryo, while the nucleated peripheral plates form 
an independent spherical sac, out of wdiich the body of 
the young crayfish is gradually fashioned, it will be con- 
venient to deal with the latter separately. 

Thus, at this period, the body of the developing crayfish 
is nothing but a spherical bag, the thin walls of which are 
composed of a single layer of nucleated cells, while its 
cavity is filled with food-yelk. The first modification 
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which is effected in the vesicular blastoderm manifests 
itself on that face of it which is turned towards the pedicle 
of the egg. Here the laj^er of cells becomes thickened 
throughout an oval area about 1-2. 5th of an inch in 
diameter. Hence, when tlie egg is viewed by reflected 
light, a whitish i)atch of corresponding form and size 
appears in this region. This may be termed the rjer- 
minal disk. Its long axis corresponds with that of the 
future crayfish. 

Next, a dei>ression (fig. 58, A, hj)) appears in the hinder 
third of the germinal disk, in consequence of this i)arfc 
of the blastoderm growing inwards, and thus giving rise 
to a small wide-mouthed pouch, which projects into the 
food-yelk with which the cavity of the blastoderm is 
filled (fig. 57, B, Qnr/). As this infolding, or invagination 
of the blastoderm, goes on, the jpouch thus produced 
increases, while its external opening, termed the Uasto- 
2)ore (fig. 57, B, and 58, A — E, hp), diminishes in size. 
Thus the body of the embryo crayfish, from being a 
simple bag becomes a double bag, such as might be 
produced by pushing in the wall of an incompletely 
distended india-rubber ball with the finger. And, in 
this case, if the interior of the bag contained iiorridge, 
the latter would very fairly rejiresent the food-yelk. 

By this invagination a most important step has 
been taken in the development of the craj^fisli. For, 
though the pouch is nothing but an ingrowth of part of 
the blastoderm, the colls of which its wall is composed 
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henceforward exhibit different tendencies from those 
which are possessed by tlie rest of the blastoderm. In 
fact, it is the primitive alimentary apparatus or archen- 
teron, and its wall is termed tlie hi/pohlast. The rest of 
the blastoderm, on the contrary, is the primitive epider- 
mis, and receives the name of cjnhlast. If the food- 
yelk were away, and the archenteron enlarged until the 
h3"poblast came in contact with the epiblast, the entire 
body would be a double-walled sac, containing an ali- 
mentaiy cavity, with a single external aperture. This is 
the gastrula condition of the embiyo ; and some animals, 
such as the common fresh- water polj^pe, are little more 
than permanent gastrulce. 

Although the gastrula has not the slightest resem- 
blance to a crayfish, yet, as soon as the hj^poblast and 
the epiblast are thus differentiated, the foundations of 
some of the most important sj^stems of organs of the 
future crustacean are laid. The h3'j)oblast will give rise 
to the epithelial lining of the mid-gut ; the epibhist 
(which answers to the ectoderm in the adult) to the 
epithelia of the fore-gut and hind-gut, to the epidermis, 
and to the central nervous system. 

The mesodermal structures, that is to say the con- 
nective tissue, the muscles, the heart and vessels, and 
the reproductive organs, which lie between the ectoderm 
and the endoderm, are not derived directly from either 
the epiblast or the hj^poblast, but have a qiiasi-huhDendeiit 
origin, from a mass of cells which first makes its appear- 
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ance in the neighbourhood of the blastopore, between the 
hypoblast and the epiblast, though they are probably 
derived from the former. From this region they gradu- 
ally^ spread, first over the sternal, and then on to the 
tergal aspect of the embryo, and constitute the mesohlast. 

Epiblast, hypoblast, and mesoblast are at first alike 
constituted of nothing but nucleated cells, and they in- 
crease in dimensions by^ the continual fission and growth 
of tliese cells. The several layers become gradually 
modelled into the organs which they constitute, before 
the cells undergo any’’ notable modification into tissues. 
A limb, for example, is, at first, a mere cellular out- 
growth, or bud, composed of an outer coat of epiblast 
with an inner core of mesoblast ; and it is only subse- 
quently’ that its comjionent cells are metamorj)hosed into 
■well-defined eindennic and connective tissues, vessels and 
muscles. 

I'he embryo crayfish remains only’ a short while in 
the gastrula stage, as the blastoj^ore soon closes u^), and 
the archenteron takes the fonn of a sac, flattened out 
between the epiblast and the food-yelk, with which its 
cells are in close contact (fig. 57, C and D).* Indeed, as 
development proceeds, the cells of the hy’poblast actually” 
feed u2)on the substance of the food-y’elk, and turn it to 
accomit for the general nutrition of the body’’. 

* Whether, as some observers state, the hypoblastic cells grow over 
and inclose the food-yclk or not, is a question that may be left open. I 
have not been able to satisfy myself of this fact. 
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The sternal area of the embryo gradually enlarges 
until it occupies one hemisphere of the yelk; in other 
words, the thickening of the e^jiblast gradually extends 
outwards. Just in front of the blastopore, as it closes, 
the middle of the epiblast grows out into a rounded 
elevation (fig. 58, ta\ fig. 59, ab)^ which rapidly increases 
in length, and at the same time turns forwards. This 
is the rudiment of the whole abdomen of the crayfish. 
Further forwards, two broad and elongated, but flatter 
thickenings appear ; one on each side of the middle line 
(fig. 58, j) c). As the free end of the abdominal jiapilla 
now marks the hinder extremity of the embryo, so do 
these two elevations, which are termed the iiroccpUalic 
lobes, define its anterior termination. The wliole sternal 
region of the body will be i)roduced by the elongation of 
that part of the embryo which lies between these two 
limits. 

A narrow longitudinal groove-like depression appears 
on the sm’face of the epiblast, in the middle line, between 
the procephalic lobes and the base of the abdominal 
j)apilla (fig. 58, C — F, mg). About its centre, this groove 
becomes further depressed by the ingrowth of the epi- 
blast, which constitutes its floor, and gives rise to a 
short tubular sac, which is the rudiment of the whole fore- 
gut (fig. 57, C, and fig. 58, E,/ g). At first, this epiblastic 
ingrowth does not communicate with the archenteron, but, 
after a while, its blind end combines with the front and 
lower part of the hypoblast, and an opening is formed by 
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which the cavity of the fore-gut communicates with that 
of the mid-gut (fig. 57, E). Thus a gullet and stomach, 
or rather the parts which will eventually give rise to all 
these, are constituted. And it is important to remark 
that, in comparison with the mid- gut, they are, at first, 
very small. 

Ill the same way, the epiblast covering the sternal face 
of the abdominal papilla undergoes invagination and is 
converted into a narrow tube which is the origin of the 
whole hind-gut (fig. 57, C, and fig. 58, E, lig). This, like 
the fore-gut, is at first blind ; but the shut front end- soon 
applying itself to the hinder wall of the archenteric sac, 
the two coalesce and open into one another (fig. 57, E). 
Thus the complete alimentary canal, consisting of a very 
narrow, tubular, fore- and hind-gut, derived from the 
epiblast, and a wider and more sac-like mid-gut, formed 
of the whole hyjjoblast, is constituted. 

The procephalic lobes become more convex; while, 
behind them, the surface of the epiblast rises into six 
elevations disposed in pairs, one on each side of the 
median groove. The hindermost of these, which lie at 
the sides of the mouth, are the rudiments of the 
mandibles (fig. 58, E and F, ^ ) ; the other two become 
the antennae {3) and the antennules (^), while, at a later 
period, processes of the procephalic lobes give rise to the 
eyestalks. 

A short distance behind the abdomen, the epiblast 
rises into a transverse ridge, which is concave forwards, 
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while its ends are prolonged on each side nearly as far 
as the mouth. This is the commencement of tlie free 
edge of the carapace (fig. 68, E and F, and fig. 59, A, c) 
— the lateral parts of which, greatly enlarging, become 
the branchiostegites (fig. 69, D, c). 

In many animals allied to crayfish, the young, when 
it has reached a stage in its development, which answers 
to this, undergoes rapid changes of outward form and of 
internal structure, without making any essential addition 
to the number of the appendages. The ai^pendages which 
represent the antennules, the anteniiic, and the mandibles 
elongate and become oar-like locomotive organs ; a 
single median eye is developed, and the young leaves the 
egg as an active larva, which is known as a Nmiplhis* 
The crayfish, on the other hand, is wholly incapable of 
an independent existence at this stage, and continues its 
embryonic life within the egg case ; but it is a remark- 
able circumstance that the cells of the epiblast secrete 
a delicate cuticula, which is subsequently shed. It is 
as if the animal symbolized a nauplius condition by 
the development of this cuticle, as the fuetal wiialeboiie 
whale symbolizes a toothed condition by developing teeth 
which are subsequently lost and never perform any 
function. 

In fact, in the cra^’fish, the nauplius condition is soon 
left behind. The sternal disk spreads more and more 
over the yelk ; as the region between the mouth and 
the root of the abdomen elongates, slight transverse 



^lo. r>0. — Afit^icns flnrI(t*Hi/t.—yv'niriii (A, 13, C, F) anti InlcTnl (D, F) vif'ws of flic 
embryo iu succiossive stores of (Icveloimiciit (after liatlik«‘, x li;). A is a little more 
n<lvjiiice(l than the embryo r<*i»reseiiie(l in fig. ftS, P: D, K, ami P are views of 
the young eraytisli when nearly ready to lic liatehed ; in E, the (!ara]iaec is 
removed, and tlic limbs and alaloinen are spread out. 1—14, tlie eephalie- and 
thorae.ie njipendages : ah, abdomen ; 7>r, branchise ; e, eara)>aee ; ejj, ejujiodito 
of the lirst maxilli])cde; g<j, gi-ceu gland; 7i, lieart ; Ih, lubriim ; Ir, liver; 7H, 
mandibular muselus. 
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depressions indicate the boundaries of the posterior 
cephalic and the thoracic somites ; and pairs of eleva- 
tions, similar to the rudiments of the antennules and 
antenme, appear upon them in regular order from before 
backwards (fig. 59, C). 

In the meanwhile, the extremity of the abdomen 
flattens out and takes on the form of an oval plate, 
the middle of the j)osterior margin of which is slightly 
truncated or notched ; while, finall}^ transverse constric- 
tions mark off six segments, the somites of the abdomen, 
in front ot this. Along wdth these changes, four pairs 
of tubercles grow out from the sternal faces of the four 
middle abdominal somites, and constitute the rudiments 
of the four middle pairs of abdominal appendages. The 
first abdominal somite exhibits only two hardly i>ercept- 
ible elevations in place of the appendages of the others, 
wliile the sixth seems, at first, to have none. The ap- 
liendages of the sixth somite, however, are already formed, 
though, singularly enough, they lie beneath the cuticle 
of the telson and are set free only after the first 
eedysis. 

The rostrum grows out between the procephalic lobes ; 
it remains relatively very short up to the time that the 
young crayfish quits the egg, and is directed more down- 
wards than forwards. The lateral portions of the cara- 
j)acial ridge, becoming deeper, are converted into the 
branchiostegites, and the cavities which they overarch 
are the branchial chambers. The transverse portion of 
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the ridge, on the other hand, remains relatively short, and 
constitutes the free posterior margin of the carapace. 

As these changes take place, the abdomen and the 
sternal region of the thorax are constantly enlarging in 
proportion to the rest of the ovum ; and the food-yelk 
which lies in the cephalothorax is, ;pari passUy being 
diminished. Hence the cephalothorax constantly becomes 
relatively smaller and the tergal aspect of the carapace 
less spherical; although, even when the young crayfish 
is ready to be hatched, the difierence between it and the 
adult in the form of the cephalothoracic region, and in the 
size of the latter relatively to the abdomen, is very marked. 

The simple bud-like outgrowths of the somites, in 
which all the apiiendages take their origin, are rapidly 
metamorphosed. The eyestall^s (fig. 69, 1) soon attain 
a considerable relative size. The extremities of the 
antennules {2) and of the antennse (5) become bifurcated ; 
and the two divisions of the antennule remain broad, 
thick, and of nearly the same size up to birth. On the 
other hand, the inner or endopoditic division of the 
antenna becomes immensely lengthened, and at the same 
time annulated, while the outer or exopoditic division 
remains relatively short, and acquires its characteristic 
scale-like form. 

The labrum Qh) arises as a prolongation of the middle 
sternal region in fi'ont of the mouth, while the bilobed 
metastoma is an outgrowth of the sternal region be- 
hind it. 
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The posterior cephalic and the thoracic appendages 
(5 — 14 i) elongate and gradually approach the form which 
they possess in the adult. I have not been able to 
discover, at any period of development, an outer division 
or exojiodite in aii}^ of the five posterior thoracic limbs. 
And this is a very remarkable circumstance, inasmuch 
as such an exoi)odite exists in the closely allied lobster 
in the larval state ; and, in many of the shrimj) and 
prawn-like allies of the crayfish, a complete or rudi- 
mentary exopodite is found in these limbs, even in the 
adult condition. 

When the crayfish is hatched (fig. 60) it differs from the 
adult in many ways — not only is the cephalothorax more 
convex and larger in proportion to the abdomen ; but the 
rostrum is short and bent do^Mi between tlie eyes. The 
sterna of the thorax are wider relative!}" , and hence there 
is a greater interval between the bases of the legs than in 
the adult. The lu-oportion of the limbs to one another 
and to the body are nearly the same as in the adult, but 
the chelae of the forcejis are more slender. The tips of 
the chelae are all strongly incurved (fig. 8, B, p. 41), and the 
dactylopodites of the two posterior thoracic limbs are hook- 
like. The api)endages of the first abdominal somite are un- 
developed, and those of the last are inclosed w’ithin the 
telson, wliich is, as has already been said, of a broad oval 
form, usually notched in the middle of its hinder margin, 
and devoid of any indication of transverse division. Its 
margins are produced into a single series of short conical 
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processes, and the disposition of tlie vascular canals in its 
interior gives it the appearance of being radially stidated. 

The setae, so abundant in the adult, are very scanty in 
the newly hatched young ; and the gi-eat majority of those 
which exist are simple conical prolongations of the un- 



Fig. 60 . — Astacus fitiviaiilis, — Ncwly-hatched young ( x 6). 

calcified cuticle, the bases of which are not sunk in jiits 
and which are devoid of lateral scales or processes. 

The young animals are firml}^ attached to the ab- 
dominal appendages of the parent in the manner already 
described. They are very sluggish, though they move 
when touched ; and at this period they do not feed, but 
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are nourished by the food-yelk, of which a considerable 
store still remains in the cephalothorax. 

I imagine that they are set free during the first ecdysis, 
and that the appendages of the sixth abdominal somite 
are at that time expanded, but nothing is definitely known 
at present of tliese changes. 

The foregoing sketch of the general nature of the 
changes which take place in the egg of the crayfish 
suffice to show that its develojnnent is, in the strictest 
sense of the word, a i)rocess of evolution. The egg is 
a relatively homogeneous mass of living protoplasmic 
matter, containing much nutritive material ; and the 
development of the crayfish means the gradual conver- 
sion of this comparatively simple body into an organism 
of great complexity. The 3’^elk becomes differentiated 
into formative and nutritive iiortions. The formative 
portion is subdivided into histological units : these 
arrange themselves into a blastodermic vesicle ; the blas- 
toderm becomes differentiated into epiblast, hypoblast, 
and mesoblast ; and the simple vesicle assumes the gas- 
tnila condition. The layers of the gastrula shape them- 
selves into the body of the crayfish and its appendages, 
while along with this, the cells of which all the parts 
are built, become metamorphosed into tissues, each with 
its characteristic properties. And all these wonderful 
changes are the necessary consequences of the interaction 
of the molecular forces resident in the substance of the 
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impregnated ovum, with the conditions to which it is 
oxposed ; just as the forms evolved from a crystallising 
fluid are dependent upon the chemical composition of 
the dissolved matter and the influence of surrounding 
conditions. 

Without entering into details wliich lie beyond the 
scope of the present work, something must be said re- 
specting the manner in which the complicated internal 
organisation of the crayfish is evolved from the cellular 
double sac of the gastrula stage. 

It has been seen that the fore-gut is at first an insig- 
nificant tubular involution of the epiblast in the region 
of the mouth. It is, in fact, a part of the epiblast turned 
inwards, and the cells of which it is composed secrete a 
thin cuticular layer, as do those of the rest of the epi- 
blast, which gives rise to the ectodermal or epidermic 
part of the integument. As the embryo grows, the fore- 
gut enlarges much faster than the mid-gut, increasing 
in height and from before backwards, while its side-walls 
remain parallel, and are separated by only a narrow 
cavity. At length, it takes on the shape of a triangular 
bag (fig. 57, D, fg)y attached by its narrow end around 
the mouth and immersed in the food-yelk, which it 
gradually divides into two lobes, one on the right and one 
on the left side. At the same time a vertical plate of 
mesoblastic tissue, from which the great anterior and 
lx)sterior muscles are eventually developed, connects it 
with the roof and with the front wall of the carapace. 
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Becoming constricted in the middle, the fore-gut next 
appears to consist of two dilatations of about equal size, 
connected by a narrower passage (fig. 67, E, fg'-, fg% 
The front dilatation becomes the oesophagus and the 
cardiac division of the stomach; the hinder one, the 
pyloric division. At the sides of the front end of the 
cardiac division two small pouches are formed shortly 
after birth ; in each of these a thick laminated deposit 
of chitin takes place, and constitutes a minute crab’s-eye 
or gastrolitli, which has the same structure as in the 
adult, and is largely calcified. This fact is the more 
remarkable as, at this time, the exoskeleton contains very 
little calcareous deposit. In the position of the gastric 
teeth, folds of the cellular wall of corresponding shape 
are formed, and the chitinous cuticle of which the teeth 
are composed is, as it were, modelled upon them. 

The hind-gut occupies the whole length of the abdo- 
men, and its cells early arrange themselves into six 
ridges, and secrete a cuticular layer. 

The mid-gut, or hypoblastic sac, very soon gives off 
numerous small prolongations on each side of its hinder 
extremit}", and these are converted into the caeca of the 
liver (fig. 67, E, mg). The cells of its tergal wall are in 
close contact with the adjacent masses of food-yelk ; and 
it is probable that the gradual absorption of the food- 
yelk is chiefly effected by these cells. At birth, however, 
the lateral lobes of the food-yelk are still large, and 
occui3y the space left between the stomach and liver 
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on the one hand, and the cephalic integument on the 
other. 

The mcsoblastic cells give rise to the layer of con- 
nective tissue which forms the deeper portion of the 
integument, and to that which invests the alimentary 
canal ; to all the muscles ; and to the heart, the vessels, 
and the corpuscles of the blood. The heart appears 
very earl}" as a solid mass of mesoblastic cells in the 
tergal region of the thorax, just in front of the origin 
of the abdomen (figs. 57, 58, 59, h). It soon be- 
comes hollow, and its walls exhibit rhythmical con- 
tractions. 

The branchiae are, at first, simple pai^illie of the integu- 
ment of the region from which they take their rise. 
These papill® elongate into stems, which give off lateral 
filaments. The podobranchia) are at first similar to the 
arthrobranchiffi, but an outgrowth soon takes i)lace near 
the free end of the stem, and becomes the lamina, while 
the attached end enlarges into the base. 

The renal organ is stated to arise by a tubular involu- 
tion of the epiblast, which soon becomes convoluted, and 
gives rise to the green gland. 

The central nervous system is wholly a product of the 
epiblast. The cells which lie at the sides of the longi- 
tudinal groove already mentioned (fig. 58, mg), grow in- 
wards, and give rise to two cords which are at first 
separate from one another and continuous with the rest 
of the t^)iblast. At the front end of the groove a 
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depression arises, and its cells form a mass which con- 
nects these two cords in front of the mouth, and gives 
rise to the cerebral ganglia. The epiblastic linings of 
two small pits (fig. 58, o) jvhich aj)pear very early on the 
surface of the procephalic lobes, are also carried inwards 
in the same way, and, uniting with the foregoing, 
produce the optic ganglia. 

The cells of the longitudinal cords become differ- 
entiated into nerve fibres and nerve cells, and the latter, 
gathering towards certain points, give rise to the ganglia 
which eventually unite in the middle line. By degrees, 
the ingrowth of epiblastic cells, from which all these struc- 
tures are developed, becomes completely separated from 
the rest of the epiblast, and is invested by mesoblastic 
cells. The central nervous system, therefore, in a crayfish, 
as in a vertebrated animal, is at first, as a part of the 
ectoderm, morphologically one with the epidermis; and the 
deep and protected position which it occupies in the adult 
is only a consequence of the mode in which the nervous 
I)ortion of the ectoderm grows inwards and becomes 
detached from the epidermic portion. 

The visual rods of the eye are merely modified cells of 
the ectoderm. The auditory sac is formed by an involu- 
tion of the ectoderm of the basal joint of the antennule. 
At birth it is a shallow wide-mouthed depression, and 
contains no otoliths. 

Lastly, the reproductive organs result from the segre- 
gation and special modification of cells of the mesoblast 
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behind the liver. Eathke states that the sexual apertures 
are not visible until the young crayfish has attained the 
length of an inch ; and that the first pair of abdominal 
appendages of the male appear still later in the form of 
' two papillfle, which gradually elongate and take on their 
characteristic forms. 



CHAPTER V. 


THE COMPARATIVE MORPHOIiOGY OF THE CRAYFISH. THE 

STRUCTURE AND THE DEVEDOPMENT OF THE CRAY- 
FISH COMPARED WITH THOSE OF OTHER LIVING 
BEINGS. 

Up to this point, our attention has been directed 
almost exclusive^ to the common English crayfish. 
Except in so far as the cra^^fish is dependent for its 
maintenance upon other animals, or upon plants, we 
might have ignored the existence of all living things 
excei)t crayfishes. But, it is hardly necessary to observe, 
that innumerable hosts of other forms of life not only 
tenant the waters and the dry land, but throng the air ; 
and that all the craj^fishes in the world constitute a hardly 
appreciable fraction of its total living population. 

Common observation leads us to see that these multi- 
tudinous living beings differ from not-living things in 
many wa3’^s ; and when the anal^^sis of these differences 
is pushed as far as we are at present able to carry it, it 
shews us that all living beings agree with the crayfish 
and differ from not-living things in the same jiarticulars. 
Like the crayfish, they arc constantly wasting away by 
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oxidation, and repairing tliemselves by taking into tbeir 
substance the matters which serve them for food ; like 
the crayfish, they shape themselves according to a defi- 
nite pattern of external form and internal structure ; lilie 
the crayfish, they give off germs which grow and develope 
into the shapes characteristic of the adult. No mi- 
neral matter is maintained in this fashion ; nor grows in 
the same way ; nor undergoes this kind of development ; 
nor multiplies its kind by any such process of reproduc- 
tion. 

Again, common observation early leads to the discri- 
mination of living things into two great divisions. No- 
body confounds ordinary animals with ordinary plants^ 
nor doubts that the crayfish belongs to the former cate- 
gory and the waterweed to the latter. If a living thing 
moves and possesses a digestive receptacle, it is held to 
be an animal ; if it is motionless and draws its nourish- 
ment directly from the substances which are in contact 
witli its outer smfface, it is held to be a idant. We need 
not inquire, at present, how far tliis rough definition of 
the differences wdiicli separate animals from plants holds 
good. Accepting it for the moment, it is obvious that 
the crayfish is unquestionably an animal, — as much an 
animal as the vole, the perch, and the poiid-snail, which 
inhabit the same waters. Moreover, the crayfish has, in 
common with these animals, not merely the motor and 
digestive po>vers characteristic of animality, but they all, 
like it, possess a complete alimentary canal; special appa- 
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ratus for the circulation and the aeration of the blood ; 
a nervous system with sense-organs ; muscles and motor 
mechanisms ; reproductive organs. Regarded as pieces 
of physiological apjiaratus, there is a striking similarity 
between all three. But, as has already been hinted in 
the preceding chapter, if we look at them from a pm'ely 
morphological point of view, the differences between the 
crayfish, the perch, and the pond-snail, appear at first 
sight so great, that it may be difficult to imagine that the 
j)lan of structure of the first can have any relation to 
that of eitlier of the last two. On the other hand, if the 
crayfish is compared with the water-beetle, notwithstand- 
ing wide differences, many points of similarity between 
the two will manifest themselves; while, if a small 
lobster is set side by side with a crayfish, an unpractised 
observer, though he will readily see that the two animals 
are somewhat different, may be a long time in making 
out the exact nature of the differences. 

Thus there are degrees of likeness and unlikeness 
among animals, in respect of their outward form and 
internal structure, or, in other words, in their morpho- 
logy. The lobster is very like a crayfish, the beetle is 
remotely lilve one; the pond-snail and the perch are 
extremely unlike crayfishes. Facts of this kind are com- 
monly expressed in the language of zoologists, by saying 
that the lobster and the crayfish are closely allied 
forms; that the beetle and the crayfish jpresent a re- 
mote affinity ; and that there is no affinity between the 
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cra3'fish and the pond-snail, or the crayfish and the 
perch. 

The exact determination of the resemblances and 
differences of animal forms by the comparison of the 
structure and the development of one with those of 
another, is the business of comparative morphology. 
Morphological com2)arison, fully and thoroughly worked 
out, furnishes us with the means of estimating the 
l^osition of an}" one animal in relation to all the 
rest; while it shews us with what forms that animal 
is nearly, and with what it is remotely, allied : aj)- 
jilied to all animals, it furnishes us with a kind of 
map, upon which animals are arranged in the order of 
their respective affinities; or a classification, in which 
they are grouped in that order. For the purpose of 
developing the results of comparative morphology in the 
case of the crayfish, it will be convenient to bring toge- 
ther, in a summary form, those points of form and struc- 
ture, many of which have already been referred to and 
which characterise it as a separate kind of animal. 

Full-grown English crayfishes usually measure about 
three inches and a half from the extremity of the rostrum 
in front to that of the telson behind. The largest 
specimen I have met with measured four inches.* The 

• The dimensions of crayfishes at successive ages given at p. 31, 
beginning at the words “ By the end of the year,” refer to the ecre- 
visse d. pieds rouges ” of France ; not to the English crayfish, which is 
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males are commonly somewhat larger, and they almost 
always have longer and stronger forceps than the 
females. The general colour of the integument varies 
from a light reddish-brown to a dark olive-green ; and 
the hue of the tergal surface of the body and limbs is 
always deeper than that of the sternal surface, which is 
often light yellowish-green, with more or less red at the 
extremities of the forceps. The greenish hue of the 
sternal surface occasionally passes into yellow in the 
thorax and into blue in the abdomen. 

The distance from the orbit to the posterior margin of 
the carapace is nearly equal to that from the posterior 
margin of the carapace to the base of the telson, when 
the abdomen is fully extended, but this measurement of 
the carapace is commonly greater than that of the abdo- 
men in the males and less in the females. 

The general contour of the carapace (fig. 61), without 
the rostrum, is that of an oval, truncated at the ends : 
the anterior end being narrower than the posterior. Its 
surface is evenly arched from side to side. The greatest 
breadth of the carapace lies midway between the cervical 
groove and its posterior edge. Its greatest vertical depth 
is on a level with the transverse portion of the cervical 
groove. 

The length of the rostrum, measured from the orbit 

considerably Bmaller. Doubtless, the proportional rate of increment is 
much the same, in the two kinds ; but in the English crayfish it has 
not been actually ascertained. 
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to its extremity, is greater than half the distance from 
the orbit to the cervical groove. It is trihedral in sec- 
tion, and its free end is slightly curved upwards (fig. 41). 
It gradually becomes narrower for about three-fourths of 
its whole length. At this point it has rather less than 
half the width which it has at its base (fig. 61, A) ; and its 
raised, granular and sometimes distinctly serrated margins 
are produced into two obliquely directed spines, one on 
each side. Beyond these, the rostrum rapidly narrows 
to a fine point ; and tliis i^art of the rostrum is equal in 
length to the width between the two spines. 

The tergal surface of the rostrum is flattened and 
slightly excavated from side to side, except in its an- 
terior half, where it presents a granular or finely ser- 
rated median ridge, which gradually passes into a low 
elevation in the i^osterior half, and, as such, may gener- 
ally be traced on to the cephalic region of the carapace. 
Tlie inclined sides of the rostrum meet ventrally in a 
sharp edge, convex from before backwards ; the posterior 
half of this edge gives rise to a small, usually bifurcated, 
spine, which descends between the eye-stalks (fig. 41). 
The raised and granulated lateral margins of the rostrum 
are continued back on to the carapace for a short distance, 
as two linear ridges (fig. 61, A). Parallel with each of 
these ridges, and close to it, there is another longitudinal 
elevation (a, h), the anterior end of which is raised into a 
prominent spine {a), which is situated immediately behind 
the orbit, and may, therefore, be termed the post-orhital 
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spine. The elevation itself may be distinguished as the 
posPorhital ridge. The flattened surface of this ridge is 
marked by a longitudinal depression or groove. The 


A B C 



Fig. G1. — A, D, & Gt,Astacus torrcntium; B, E, & H, A. noUli^; C, F, & 
I, A. mgrcscents (nat. size). A — C, Dorsal views of carapace ; D — F, 
side views of third abdominal somites ; G — I, Dorsal views of telson. 
fl, post-orbital ridge and spines ; c, brancbio-cardiac grooves 
inclosing axedliL 
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posterior end of the ridge passes into a somewhat broader 
and less marked elevation, the hinder end of which turns 
inwards, and then comes to an end at a point midway 
between the orbit and the cervical groove. Generally 
this hinder elevation appears like a mere continuation 
of the post-orbital ridge ; but, sometimes, the two are 
separated by a distinct depression- I have never seen 
any prominent spine upon the posterior elevation, though 
it is sometimes minutely spinulose. The post-orbital 
ridges of each side, viewed together, give rise to a cha- 
racteristic lyrate mark ui^on the cephalic region of the 
carapace. 

A faintly marked, curved, linear depression runs from 
the hinder end of the post-orbital ridge, at first directly 
downwards, and then cuiwes backwards to the cervical 
groove. It corresponds with the anterior and inferior 
boundary of the attachment of the adductor muscle of 
the mandible. 

Below the level of this, and immediately behind the 
cervical groove, there are usually three spines, arranged 
in a series, which follow the cervical groove. The points 
of all are directed obliquely forwards, and the lowest is 
the largest. Sometimes there is only one prominent 
spine, with one or two veiy small ones ; sometimes there 
are as many as five of these cervical spines. 

The cardiac region is marked out by two grooves which 
run backwards from the cervical groove (fig. 61, A, c), and 
terminate at a considerable distance from the posterior 
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edge of the carapace. Each groove runs, at first, obliquel}’’ 
inwards, and then takes a straight course parallel with its 
fellow. The area thus defined is termed the areola ; its 
breadth is equal to about one-third of the total transverse 
diameter of the carapace in tliis region. 

No such distinct lines indicate the lateral boundaiy of 
the region in front of the cervical groove which answers 
to the stomach. But the middle part of the carapace, 
or that which is comprised in the gastric and cardiac 
regions, has its surface sculptm’ed in a diflerent way 
from the branchiostegites and the lateral regions of the 
head. In the former, the surface is excavated by shal- 
low pits, separated by relatively broad flat-topped ridges ; 
but, in the latter, the ridges become more prominent, 
and take the form of tubercles, the apices of which are 
directed forwards. Minute setie spring from the depres- 
sions between these tubercles. 

^ The branchiostegite has a thickened rim, which is 
strongest below and behind (fig. 1). The free edge of 
this rim is fringed with close-set setae. 

The pleura of the second to the sixth abdominal 
somites are broadly lanceolate and obtusely pointed at 
their free ends (fig. 61, D) ; the anterior edge is longer 
and more convex than the posterior edge. In the females, 
the pleura are larger, and are directed more outwards and 
less downwards than in the males. The pleura of the 
second somite are much larger than the rest, and over- 
lap the verj^ small pleura of the first somite (fig. 1). The 
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pleura of the sixth somite are narrow, and their posterior 
edges are concave. 

The pits and setiB of the cuticle which clothes the 
tergal surfaces of the abdominal somites are so few and 
scattered, that the latter appear almost smooth. In the 
telson, however, especially in its posterior division, the 
marldngs are coarser and the setae more apparent. 

The telson (fig. 61, G) presents an anterior quadrate divi- 
sion and a j^osterior half-oval x>arfc, the free curved edge 
of which is beset with long setae, and is sometimes slightly 
notched in the middle. The posterior division is freely 
movable upon the anterior, in consequence of the thin- 
ness and i)liability of the cuticle along a transverse line 
which joins the postero-external angles of the anterior 
division, each of which is i)roduccd into two strong spines, 
of which the outer is the longer. The length of the pos- 
terior division of the telson, measured from the middle 
of the suture, is equal to, or but veiy little less than, 
that of the anterior division. 

On the under side of the head, the basal joints of the 
antennules are visible, internal to those of the antennae, 
but the attachment of the latter is behind and below 
that of the former (fig. 3, A). Behind these, and in 
front of the mouth, the epistoma (fig. 39, A, II, III) 
presents a broad area of a pentagonal form. The pos- 
terior boundaiy of this area is formed by two thickened 
transverse ridges, wliich meet on the middle line at a 
very open angle, the apex of which is turned forwards. 
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The posterior edges of these ridges are continuous with 
the lahrum. The anterior margin is produced in the 
middle into sl Jleur de lys shaped process, the summit 
of which terminates between the antennules. At the 
sides of this process, the anterior margin of the epis- 
toma is decj)ly excavated to receive the basal joints of 
the antemiffi. Following the contours of these excavated 
margins, the surface of the epistoma presents two lateral 
convexities. The widest and most jn’ominent i)art of cacli 
of these lies towards the outer edge of the epistoma, 
and is produced [into a conical spine. Sometimes 
there is a second smaller spine beside the principal one. 
Between the two convexities lies a triangular median 
depressed area. 

The distance from the apex of the anterior median 
process to the posterior ridge is equal to a little more 
than half the width of the epistoma. 

The corneal surface of the eye is transversely elongated 
and reniform, and its pigment is black. The eye-stalks 
are much broader at their bases than at their corneal 
ends (fig. 48, A). The antennules are about twice as long 
as the rostrum. The tergal surface of tlie triliedral 
basal joint of the antcnnule, on which the C3"e-stalk rests, 
is concave; the outer surface is convex, the inner fiat 
(figs. 26, A, and 48, B). Near the anterior end of the 
sternal edge which separates the two latter faces, there 
is a strong curved spine directed forwards (fig. 48, B, a). 
When the setaj, which proceed from the outer edge of 
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the auditory aperture and hide it, are removed, it is 
seen to be a wide, somewhat triangular cleft, which occu- 
pies the greater part of the hinder half of the tergal 
surface of the basal joint (fig. 26, A). 

The cxopodites, or squames, of the antennoe extend as 
for as the apex of the rostrum, or even project beyond it, 
when they are turned forwards, while tliey reach to the 
commencement of the filament of the endopodite (Frontis- 
jnccc). The squame is fully twice as long as it is broad, 
with a general convexity of its tergal and concavity of its 
sternal surface. The outer edge is straight and thick, the 
inner, which is fringed with long set®, is convex and thin 
(fig. 48, C). Where these two edges join in front, tlie 
squame is produced into a strong spine. A thick outer 
porfion of the squame is marked off from the thinner 
inner jiortion by a longitudinal groove on the tergal side, 
and by a strong ridge on the sternal side. One or two 
siniill spines generally jiroject from the posterior and 
external angle of the squame ; but they may be very 
small or absent in individual specimens. Close beneath 
these, the outer angle of the next joint is produced into 
a strong spine. When the abdomen is straightened out, 
if the antemne are turned back as for as they will go 
without damage, the ends of their filaments usuallj^ reach 
the tergum of the third somite of the abdomen (Frontis- 
piece). I have not obseived any difference between the 
sexes in this respect. 

The inner edge of the ischioj)oditc of tlie third maxilli- 
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pcde is strongly serrated and wider in front than behind 
(fig. 44) ; the meropodite possesses four or five spines 
in the same region ; and there are one or two spines at 
the distal end of the carpopodite. When straightened 
out, the maxillipedes extend as far as, or even beyond, 
the end of the rostrum. 

The inner or sternal edge of the ischiopodite of the 
forceps is serrated ; that of tlie meropodite presents two 
rows of spines, the inner small and numerous, the outer 
large and few. There are several strong spines at the 
anterior end of the outer or tergal face of this joint. The 
carpopodite has two strong spines on its under or sternal 
surface, while its sharp inner edge presents many strong 
spines. Its ujpper surface is marked by a longitudinal de- 
pression, and is beset with sharp tubercles. The length 
of the propodite, from its base to the extremity of 
the fixed claw of the chela, measures rather more than 
twice as much as the extreme breadth of its base, the 
thickness of which is less than a third of this length 
(fig. 20, p. 93). The external angular process, or fixed 
claw, is of the same length as the base, or a little shorter. 
Its inner edge is sharp and spinose, and the outer more 
rounded and simply tubcrculated. I'he apex of the fixed 
claw is produced into a slightly incurved spine. Its 
inner edge has a sinuous curvature, convex posteriorly, 
concave anteriorly, and bears a scries of rounded tubercles, 
of which one near the summit of the convexity, and one 
near the apex of the claw, are the most prominent. 
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The apex of the dactylopodite, like that of the propo- 
dite, is formed by a slightly incurved spine (fig. 20), while 
its outer, sharper, edge presents a curvature, the inverse 
of that of the edge of the fixed claw against which it is 
applied. This edge is beset with rounded tubercles, the 
most prominent of which are one at the beginning, and 
one at the end of the concave posterior moiety of the edge. 
When the dactylopodite is brought up to the fixed claw, 
these tubercles lie, one in front of and one behind the 
chief tubercle of the convexity of the latter. The whole 
surface of the propodite and dactylopodite is covered 
with minute elevations, those of the upper surface being 
much more iirominent than those of the lower surface. 

The length of the fully extended forceps generally 
equals the distance betAveen the posterior margin of the 
orbit and the base of the telson, in well chai’acterized 
males ; and, in individual examples, they are even longer ; 
while it may not be greater than the distance between 
the orbit and tlie hinder edge of the fourth abdominal 
somite, in females ; and, in massiveness and strength, the 
difference of the forceps in the two sexes is still more 
remarkable (fig. 2). Moreover there is a good deal of 
variation in the form and size of the chehe in individual 
males. The right and left chelse present no important 
differences. 

The ischiopodites of the four succeeding thoracic limbs 
are devoid of any recurved spines in either sex (jFro?it, 
fig. 46). The fii’st paii’ are the stoutest, the second the 
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longest: and when the latter are spread out at right 
angles to the body, the distance from tip to tip of the dac- 
tylopodites is equal to, or rather greater than, the extreme 
length of the body from the apex of tlie rostrum to tlie 
posterior edge of the telson, in both sexes. In both sexes, 
the length of the swimmerets hardly exceeds half the trans- 
verse diameter of the somites to which they are attached. 

The exopodites of the appendages of the §ixth abdo- 
minal somite (the extreme length of which is rather 
greater than that of the telson) are divided into a larger 
proximal, and a smaller distal portion (fig. 37, F, p. 144). 
The latter is about half as long as the former, and has a 
rounded free edge, setose like that of the telson. There 
is a complete flexible hinge between the two portions, 
and the overlapping free edge of the proximal portion, 
which is slightly concave, is beset with conical spines, 
the outennost of which are the longest. The endopodite 
has a spine at the junction of its outer straight edge 
wutli the terminal setose convex edge. A faintly marked 
longitudinal median ridge, or keel, ends close to the 
margin in a minute spine. The tergal distal edge of 
the protopodite is deejily bilobed, and the inner lobe 
ends in two spines, while the outer, shorter and broader 
lobe, is minutely serrated. 

In addition to the characters distinctive of sex, which 
have already been fully detailed (pp. 7, 20, and 145), there 
is a marked difference in the form of the sterna of the three 
posterior thoracic somites between the males and females. 
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Comparing a male and a female of the same size, the 
triangular area between the bases of the penultimate and 
ante-penultimate thoracic limbs is considerably broader 
at the base in the female. In both sexes, the hinder 
part of the penultimate sternum is a rounded transverse 
ridge sei^arated by a groove from the anterior part ; but 
this ridge is much larger and more prominent in the 
female than in the male, and it is often obscurely divided 
into two lobes by a median depression. Moreover, there 
are but few setae on this region in the female ; while, in 
the male, the setae are long and numerous. 

The sternum of the last thoracic somite of the female 
is divided by a transverse groove into two parts, of which 
the posterior, viewed from the sternal aspect, has the 
form of a transverse elongated ridge, which narrows to 
each end, is moderately convex in the middle, and is 
almost free from setae. In the male, the corresponding 
posterior division of the last thoracic sternum is produced 
downwards and forwards into a rounded eminence which 
gives attachment to a sort of brush of long setae (fig. 35, 
p. 136). 

The importance of this long enumeration of minute 
details* will appear by and by. It is simply a statement of 
the more obvious external characters in which all the 
full-grown English crayfishes which have come under my 

* The student of systematic zoology will find the comparison of a 
lobster with a cra3’'fish in all the points mentioned to be an excellent 
training of the faculty of observation. 
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notice agree. No one of tliese individual crayfishes was 
exactly like the other; and to give an account of any 
single crayfish as it existed in nature, its special i)eculiari- 
ties must be added to the list of characters given above ; 
which, considered together with the facts of structure 
discussed in previous chapters, constitutes a definition, 
or diagnosis, of the English kind, or species, of crayfish. 
It follows that the species, regarded as the sum of the 
morphological characters in question and nothing else, 
does not exist in nature ; but that it is an abstraction, 
obtained by separating the structural characters in which 
the actual existences — ^the individual crayfishes — agree, 
from those in which they differ, and neglecting the latter. 

A diagram, embodying the totality of the structural 
characters thus determined by obseiwation to be common 
to all our crayfishes, might be constructed; and it 
would be a picture of nothing which ever existed in 
nature ; though it would serve as a very complete 
plan of the structure of all the crayfishes which are to 
be found in this country. The morphological definition 
of a species is, in fact, nothing but a description of the 
plan of structure which characterises all the individuals 
of that sjpecies. 

California is separated from these islands by a third of the 
circumference of the globe, one-half of the interval being 
occupied by the broad North Atlantic ocean. The fresh 
waters of California, however, contain crayfishes which are 



242 THE COMPARATIVE MORPHOLOGY OF THE CRAYFISH. 


Comparing a male and a female of the same size, the 
triangular area between the bases of the penultimate and 
ante-penultimate thoracic limbs is considerably broader 
at the base in the female. In both sexes, the hinder 
part of the penultimate sternum is a rounded transverse 
ridge separated by a groove from the anterior part ; but 
this ridge is much larger and more prominent in the 
female than in the male, and it is often obscurely divided 
into two lobes by a median depression. Moreover, there 
are but few setse on this region in the female ; while, in 
the male, the setse are long and numerous. 

The sternum of the last thoracic somite of the female 
is divided by a transverse groove into two parts, of which 
the posterior, viewed from the sternal aspect, has the 
form of a transverse elongated ridge, which narrows to 
each end, is moderately convex in the middle, and is 
almost free from set®. In the male, the corresponding 
posterior division of the last thoracic sternum is produced 
downwards and forwards into a rounded eminence which 
gives attachment to a sort of brush of long setae (fig. 85, 
p. 136). 

The importance of this long enumeration of minute 
details* will appear by and by. It is simply a statement of 
the more obvious external characters in which all the 
full-grown English crayfishes which have come under my 

* The student of systematic zoology will find the comparison of a 
lobster with a crayfish in all the points mentioned to be an excellent 
training of the faculty of observation. 
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notice agree. No one of these individual crayfishes was 
exactly like the other; and to give an account of any 
single crayfish as it existed in nature, its special peculiari- 
ties must be added to the list of characters given above ; 
which, considered together with the facts of structure 
discussed in previous chaiiters, constitutes a definition, 
or diagnosis, of the English kind, or species, of crayfish. 
It follows that the species, regarded as the sum of the 
morphological characters in question and nothing else, 
does not exist in nature ; but that it is an abstraction, 
obtained by separating the structural characters in which 
the actual existences — ^the individual crayfishes — agree, 
from those in which they differ, and neglecting the latter. 

A diagram, embodying the totality of the structural 
characters thus determined by observation to be common 
to all our craj’fishes, might be constructed; and it 
would be a picture of notliing which ever existed in 
nature ; though it would serve as a very complete 
plan of the structure of all tlie crayfishes which are to 
be found in this country. The morphological definition 
of a species is, in fact, nothing but a description of the 
I)lan of structure which characterises all the individuals 
of that species. 

California is separated from these islands by a third of the 
circumference of the globe, one-half of the interval being 
occupied by the broad North Atlantic ocean. The fresh 
waters of California, however, contain crayfishes which are 
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SO like our own, that it is necessaiy to compare the two in 
every point mentioned in the foregoing description in 
order to estimate the value of the differences which they 
present. Thus, to take one of the kinds of crayfishes found 
in California, which has been called Astacus nigrescens ; 
the general structure of the animal may be described in 
precisely the same terms as those used for the English 
crayfish. Even the branchi® present no important 
difference, except that the rudimentary pleurobranchi® 
are rather more conspicuous ; and that there is a third 
small one, in front of the tw o which correspond with those 
possessed by the English crayfish. 

The Californian crayfish is larger and somewhat diffe- 
rently coloured, the undersides of the forceps particularly 
presenting a red hue. The limbs, and especially the 
forceps of the males, are relatively longer ; the chelae of 
the forceps have more slender proportions ; the areola is 
narrower relatively to the transverse diameter of the 
carapace (fig. 61, C), More definite distinctions are to be 
found in the rostrum, which is almost parallel-sided for 
two-thirds of its length, then gives off two strong lateral 
spines and suddenly narrows to its apex. Behind these 
spines, the raised lateral edges of the rostrum present five 
or six other spines which diminish in size from before 
backwards. The postorbital spine is very prominent, 
but the ridge is represented, in front, by the base of this 
spine, which is slightly grooved ; and behind, by a distinct 
spine which is not so strong as the postorbital spine. 
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There are no cervical spines, and the middle part of 
the cervical groove is angulated backwards instead of 
being transverse. 



D B P 


Fig. G2. A & D, Astacvs torrentium.; B & E, ^1. nooilis ; C & F, 
A. nigrcscens, A — C, 1st abdominal appendage of the male ; D — F, 
endopodite of second appendag^e ( x 3). a, anterior, and h, posterior rolled 
edge ; c, dy e, corresponding parts of the appendages in each species ; 
/, rolled plate of endopodite ; g, terminal division of endopodite. 

The abdominal pleura are narrow, equal-sided, and 
acutely pointed in the males (fig. 61, F) — slightly 
broader, more obtuse, and with the anterior edges 



246 THE COMPARATR'E MORPHOLOGY OF THE CRAYFISH. 

rather more convex than the posterior, in the females. 
The tergal surface of the telson is not divided into two 
parts by a suture (fig. 61, 1). The anterior process of 
the epistoma is of a broad rhomboidal shape, and there 
are no distinct lateral spines. 

The squame of the antenna is not so broad relatively 
to its length ; its inner edge is less convex, and its outer 
edge is slightly concave ; the outer basal angle is sharp 
but not produced into a spine. The opposed edges of 
the fixed and movable claws of the chelse of the forceps 
are almost straight and present no conspicuous tubercles. 
In the males, the forceps are vastly larger than in the 
females, and the two claws of the chelae are bowed out, so 
that a wide interval is left when their apices are applied 
together ; in the females, the claws are straight and the 
edges fit together, leaving no interval. Both the upper and 
the under surfaces of the claws are almost smooth. The 
median ridge of the endopodite of the sixth abdominal 
appendage is more marked, and ends close to the margin 
in a small prominent spine. 

In the females, the posterior division of the sternum of 
the penultimate thoracic somite is prominent and deeply 
bilobed ; and there are some small differences in form in 
the abdominal appendages of the males. More especially, 
the rolled inner process of the endopodite of the second 
appendage (fig. 62 F, /) is disposed very obliquely, and 
its open mouth is on a level with the base of the jointed 
part of the endopodite {g) instead of reaching almost to 
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the free end of the latter and being nearly parallel with it. 
In the first appendage (C), the anterior rolled edge (a) 
more closely embraces the posterior (b), and the groove 
is more completely converted into a tube. 

It will be observed that the differences between the 
English and the Californian crayfishes amount to ex- 
ceedingly little ; but, on the assumption that these differ- 
ences are constant, and that no transitional forms between 
the English and the Californian crayfishes are to be 
met with, the individuals which present the characteristic 
peculiarities of the latter are said to form a distinct species, 
Astacus nigrescens ; and the definition of that species is, 
like that of the English species, a morphological abstrac- 
tion, embodying an account of the plan of that species, 
so far as it is distinct from that of other crayfishes. 

We shall see by and by that there are sundry other 
kinds of crayfishes, which differ no more from the English 
or the Californian kinds, than these do from one an- 
other ; and, therefore, they are all grouped as species of 
the one genus, Astacus. 

If, leaving California, we cross the Eocky Mountains 
and enter the eastern States of the North American 
Union, many sorts of crayfishes, which would at once be 
recognised as such by any English visitor, will be found 
to be abundant. But on cai’eful examination it will be 
discovered that all of these differ, both from the English 
crayfish, and from Astaciis nigrescens, to a much greater 
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extent than those do from one another. The gills are, 
in fact, reduced to seventeen on each side, in consequence 



Fig. C3. Camharus Clarldi, male (4 nat. size), after Hagen, 
of the absence of the pleuro-hranchia of the last thoracic 
somite; and there are some other differences to which 
it is not needful to refer at present. It is convenient to 
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distinguish these seventeen-gilled crayfishes, as a whole, 
from the eighteen-gilled species ; and this is effected by 
changing the generic name. They are no longer called 
Astacusy but Cambarus (fig. 63). 

All the individual craj’^sh referred to thus far, there- 
fore, have been sorted out, first into the groups termed 
species ; and then these species have been further sorted 
into two divisions, termed genera. Each genus is an 
abstraction, formed by summing up the common char- 
acters of the species which it includes, just as each 
species is an abstraction, composed of the common 
characters of the individuals which belong to it ; and 
the one has no more existence in nature than the other. 
The definition of the genus is simply a statement of 
the plan of structure which is common to all the species 
included under that genus ; just as the definition of the 
si^ecies is a statement of the common plan of structure 
wliich runs throughout the individuals which compose 
the species. 

Again, crayfishes are found in the fresh waters of the 
Southern hemisphere; and almost the whole of what 
has been said respecting the structure of the English cray- 
fish applies to these ; in other words, their general plan is 
the same. But, in these southern crayfishes, the i)odo- 
branchifle have no distinct lamina, and the first somite of 
the abdomen is devoid of appendages in both sexes. The 
southern crayfishes, like those of the Northern hemi- 
sj)licre, are divisible into man}’’ species ; and these species 
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are susceptible of being grouped into six genera— -4 sfa- 
coidea (fig. 65), Aatacopsia, Chceraps, Parastacus (fig. 64), 



Fig. Qi.-^Parasiaciis Vrasilknsis (J nat. size). From southern Brazil. 

Eng (BUS y and Paraneplirops — on the same principle as 
that which has led to the grouping of the Northern forms 
into two genera. But the same convenience which has 
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led to the association of groups of similar species into 
genera, lias given rise to the combination of allied genera 
into higher groups, which are termed Families. It is 
obvious that the definition of a famil}'^, as a statement of 
the characters in which a certain number of genera agree, 
is another morphological abstraction, which stands in the 
same relation to generic, as generic do to specific abstrac- 
tions. Moreover, the definition of the family is a statement 
of the plan of all the genera comprised in that family. 

The family of the Northern crayfishes is termed 
Potamobiida ; that of the Southern crayfishes. Par- 
astacida. But these two families have in common all 
those structural characters which are special to neither ; 
and, carrying out the metaphorical nomenclature of the 
zoologist a stage further, we may say that the two form 
a Tribe — ^the definition of which describes the plan which 
is common to both families. 

It may conduce to intelligibility if these results are put 
into a graphic form. In fig. 66, A. is a diagram represent- 
ing the plan of an animal in which all the externally 
visible parts which are found, more or less modified, in 
the natural objects which we call individual crayfishes 
are roughly, sketched. It represents the i)lan of the 
tribe. B. is a diagram exhibiting such a modification 
of A. as converts it into the plan common to the whole 
family of the Parastacidte. C. stands in the same re- 
lation to the Potamobiidee. If the scheme were thoroughly 
worked out, diagrams representing the peculiai’ities of 
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form which characterize each of the genera and species, 
would appear in the place of the names of the former, or 
of the circles which represent the latter. All these 
figures would represent abstractions — mental images 
which have no existence outside the mind. Actual facts 
would begin with drawings of individual animals, which 
we may suppose to occup}" the place of the dots above 
the upper line in the diagram. 

That all craj^fishes may be regarded as modifications of 
the common plan A, is not an hj^iothesis, but a generali- 
zation obtained by comparing together the observations 
made upon the structure of individual crayfishes. It is 
simply a graphic method of rej)resenting the facts which 
are commonly stated in the form of a definition of the 
tribe of crayfishes, or Astacina. 

This definition runs as follows : — 

Multicellular animals provided with an alimentaiy* 
canal and with a chitinous cuticular exoskeleton; with 
a ganglionated central nervous system traversed by the 
oesophagus ; possessing a heart and branchial respiratory 
organs. 

The body is bilaterally s}unmetrical, and consists of 
twenty metameres (or somites and their appendages), of 
which six are associated into a head, eight into a thorax, 
and six into an abdomen. A telson is attached to the 
last abdominal somite. 

The somites of the abdominal region are all free, those 
of the head and thorax, except the hindermost, which is 
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partially free, are united into a ceplialothorax, the tergal 
wall of which has the form of a continuous carapace. 
The carapace is produced in front into a rostrum, at the 
sides into branchiostegitcs. 

The eyes are placed at the ends of movable stalks. 
The antennules are terminated by two j&laments. The 
exopodite of the antenna has the form of a mobile scale. 
The mandible has a palp. The first and second maxillte 
are foliaceous ; the second being i)rovided with a large 
scaphognathite. There are three jiairs of maxillipedes, 
and the endopodites of the third pair are narrow and 
elongated. The next j)air of thoracic appendages is much 
larger than the rest, and is chelate, as are the two fol- 
lowing pairs, which are slender ambulatory limbs. The 
hindmost two pairs of thoracic appendages are ambu- 
latory limbs, lilie the foregoing, but not chelate. The 
abdominal appendages are small swimmerets, except the 
sixth pair, which are very large, and have the cxoi)odite 
divided by a transverse joint. 

All the crayfishes have a complex gastric armature. 
The seven anterior thoracic limbs are provided with 
I)odobranchifle, but the first of these is always more or 
less completely reduced to an epipodite. More or fewer 
arthrobranchisB alwa^^s exist, Pleurobranchise may be 
present or absent. 

In tliis tribe of Astacina there are two families, the 
PotamohiidcB and the Parastacidee ; and the definition of 
each of these families is formed by superadding to the 
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definition of the tribe the statement of the special pecu- 
liarities of the family. 

Thus, the Potaviohiida are those Astacina in which 
the podobranchiae of the second, fourth, fifth, and sixth 
thoracic appendages are alwa3's provided with a plaited 
lamina, and tliat of the first is an epipodite devoid of 
branchial filaments. The first abdominal somite invari- 
ably bears appendages in the males, and usually in both 
sexes. In the males these appendages are styliform, and 
those of the second somite are always peculiar^ modified. 
The appendages of the four following somites are rela- 
tively small. The telson is very generally divided by a 
transverse incomplete hinge. None of the branchial fila- 
ments are terminated by hooks; nor are any of the 
coxoiioditic sete, or the longer seta', of the podobranchiie 
hooked, though hooked tubercles occur on the stem and 
on the laminae of the latter. The coxopoditic setae arc 
always long and tortuous. 

In the Parasiacidcey on tlie other hand, the podo- 
branchiae are devoid of more than a rudiment of a 
lamina, though the stem may be alate. The podo- 
branchia of the first maxillij)ede has the form of an 
epipodite; but, in almost all cases, it bears a certain 
number of well developed branchial filaments. The first 
abdominal somite possesses no appendages in either sex : 
and the appendages of the four following somites aro 
large. The telson is never divided by a transverse hinge. 
More or fewer of the branchial filaments of the podo- 
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branchire are terminated by short, hooked spines ; and the 
coxopoditic setce, as well as those which beset the steins 
of the podobranchiflB, have hooked apices. 

The definitions of the genera would in like manner be 
given by adding the distinctive characters of each genus 
to the definitions of the family ; and those of the species 
by adding its character to those of the genus- But at 
present it is unnecessaiy to pursue this topic further. 

There are no other inhabitants of the fresh waters, or 
of the land, which could be mistaken for crayfishes ; but 
certain luarinc animals, familiar to every one, are so 
strikingly similar to them, that one of these was formerly 
included in the same genus, Astaciis ; while another is 
very often known as the ‘‘ Sea-crayfish.’* These arc tlu^ 
‘‘ Common Lobster,” the Norway Lobster,” and the 
‘‘ liock Lobster ” or ‘‘ Spiny Lobster.” 

Tlie common lobster {Iloinams vulgaris, fig. 67) 
jiresents the following distinctive characters. The last 
thoracic somite is firmly adherent to the rest ; the exo- 
podite of the antenna is so small as to a^ipear like a mere 
movable scale ; all the abdominal appendages are well 
developed in both sexes ; and, in the males, the two an- 
terior ijairs are somewhat like those of the male Astacus, 
but less modified. 

The principal difference from the Astacina is exhibited 
by the gills, of which there are twenty on each side; 
namely, six podobranchise, ten ailhrobranchiffi, and four 
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fully developed pleurobranchia3. Moreover, the bran- 
chial filaments of these gills are much stiffer and more 
closely set than in most crayfishes. But the most im- 
portant distinction is presented by the podobranchise, in 
which the stem is, as it w^ere, completely split into two 
parts longitudinally (as in fig. 68, B) ; one half {cp) 



Fig. 68. Podobranchias of A, Pariisiacus ; B, Krjjh?‘Oj)s; C. Pahrmon, 
A', C', transverse sections of A and 0 respectively. point of attach- 
ment ; al, wing-like expansion of the stem ; ft, base ; h}\ branchial 
filaments ; rp, epipodite ; /, branchial laminaj ; plume ; st^ stem. 

corresponding with the lamina of the crayfish gill, and the 
other {pi) with its i)lume. Hence the base (?>) of the 
podobranchia bears the gill in front; while, behind, it 
is continued into a broad ei)ipoditic iilate {cp) slightly 
folded upon itself longitudinally but not plaited, as in the 
crayfish. 

The Norway Lobster {Nephrops noiTcgictis, fig. 69) 




Fig*. Cy. Kcjihrops fwri'rg'icuH nat. size). 
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resembles the lobster in those respects in which the latter 
(liflFcrs from the crayfishes : but the antennary squame is 
large; and, in addition, the branchial plume of the podo- 
branchia of the second maxillipede is very small or absent, 
so that the total number of functional branchise is reduced 
to nineteen on each side. 

These two genera, Ilomarus and Nephrops, therefore, 
represent a famil}”, Homarinay constructed upon the 
same common plan as the crayfishes, but diflering so 
fiir from the Astacina in the structure of the branchire 
and in some other points, that the distinction must be 
expressed by putting them into a different tribe. It is 
obvious that the special characteristics of the plan of the 
TIomarina give it much more likeness to that of the 
Potamohiid(B than to that of the Parastacidee. 

The Eock Lobster (Palinurus, fig. 70) differs much more 
from the crayfishes than either the common lobster or 
the Norway lobster does. Thus, to refer only to the more 
important distinctions, the antenna) are enormous ; none 
of the five posterior pairs of thoracic limbs are chelate, 
and the first pair are not so large in proportion to the 
rest as in the crayfishes and lobsters. The posterior 
thoracic sterna are very broad, not comparatively naiTow, 
as in the foregoing genera. There are no api^endages 
to the first somite of the abdomen in either sex. In 
this respect, it is curious to observe that, in contradis- 
tinction from the Ilomarbia, the Eock Lobsters are more 
closel}" allied to tlie Parastacida than to the Potaniohiidce. 




FlO. 70. Palinvnut vulyarU (about j nat. size). 
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The gills are similar to those of the lobsters, but reach 
the number of twenty-one on each side. 

In their fundamental structure the rock lobsters agree 
with tlie crayfishes ; hence the plans of the two may be 
regarded as modifications of a plan common to both. 
To this end, the only considerable changes needful in 
the tribal plan of the cra3"fishes, are the substitution of 
simple for chelate terminations to the middle thoracic 
limbs and the suiipression of the appendages of the first 
somite of the abdomen. 

Thus not onl}^ all the crayfishes, but all the lobsters 
and rock lobsters, different as they are in appearance, 
size, and habits of life, reveal to the morphologist un- 
mistakable signs of a fundamental unity of organization ; 
each is a comparatively simple variation of the general 
theme — the common plan. 

Even the branchije, which vary so much in number in 
different members of these groups, are constructed upon 
a uniform principle, and the differences which thej" 
present are readily intelligible as the result of various 
modifications of one and the same primitive arrange- 
ment. 

In all, the gills are trichohrancMco ; that is, each gill 
is somewhat like a bottle-brush, and presents a stem 
beset, more or less closely, with many series of bran- 
chial filaments. The largest number of complete bran- 
chifie possessed by any of the Potamobiida, Paraatacidee, 
Hoimrida, or Palinuridce, is twenty-one on each side ; 
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and when tliis number is present, the total is made up 
of the same numbers of podohranchije, arthrobran- 
chiflB, and pleurobranchisB attached to corresponding 
somites. In Palinurus and in the genus Astacopsis 
(which is one of the Parastacidce), for example, there are 
six podobranchiflB attached to the thoracic limbs from 
the second to the seventh inclusivel}’^ ; five pairs of artliro- 
branchi® are attached to the interarticular membranes 
of the thoracic limbs from the third to the seventli 
inclusively, and one to that of the second, making eleven 
in all; while four pleurobranchiai are fix;ed to the 
epimera of the four hindmost thoracic somites. More- 
over, in Astacopsis, the epipoditc of the first thoracic 
apjDendage (the first maxillipede) bears branchial fila- 
ments, and is a sort of reduced gill. 

These facts may be stated in a tabular form as 
follows 


The hranchial formula of Astacopsis. 


Somites and 
tlji'ir 

Appendages. 

VII. ... 

Todo- 

Itriiuuhiui. 

0 (ep. r.) 

ArtliroLniiU'liioi. 

Anterior, rosturior. 

0 ... 0 ... 

riciiro- 

Lranchiue. 

0 = 

0 (cp. r.) 

VIII. ... 

1 

1 

... 0 ... 

0 

2 

IX. ... 

1 

JL 

... 1 ... 

0 = 

a 

X. ... 

1 

1 

... 1 ... 

0 = 

3 

XI. ... 

1 

1 

... 1 ... 

1 « 

4 

XII. ... 

1 

1 

... 1 ... 

1 = 

4 

XIII. ... 

1 

1 

... 1 ... 

1 = 

4 

XIV. ... 

0 

0 

... 0 ... 

1 = 

1 


C + cp. r. 

+ C 

+ o + 

4 = 

21 cp. r. 
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This tabular ‘‘ branchial formula ” exhibits at a glance 
not only the total number of branchisB, but that of each 
kind of branchia'; and that of all kinds connected with 
each somite; and it further indicates that the podo- 
branchia of the first thoracic somite has become so fiir 
modified, that it is represented only by an epipodite, with 
branchial filaments scattered upon its surface. 

In PalinuniSy these branchial filaments are absent and 
the branchial formula therefore becomes — 


SoiiiitoR and ArtlirolnTinclijaB. 

their Podo- ^ Plojiro- 

Ani»eutliige8. Innjiehijc. Anterior. Posterior, braiuihite. 


VII. ... 

0 (ep.) 

0 

... 

0 


i) 

= 

0 (cp.) 

VIII. ... 

1 

1 


0 


0 

= 

2 

IX. ... 

1 

1 


1 


0 

= 

3 

X. ... 

1 

1 


1 


0 

= 

■> 
f » 

XI. ... 

1 

1 


1 


1 


4 

XII. ... 

1 

1 


1 


1 

= 

4 

XIII. ... 

1 

1 


1 


1 


4 

XIV. ... 

0 

0 

... 

0 


1 

s= 

1 


G + cp. + 

G 

+ 

5 

+ 

4 

= 

21 + ep. 


In the lobster, the solitary arthrobranchia of the eighth 
somite disappears, and the branchite are reduced to twenty 
on each side. 

In Astaciig, this branchia remains ; but, in the English 
crayfish, the most anterior of the pleurobranchiee has 
vanished, and mere rudiments of the two next remain. 
It has been mentioned that other Astaci present a 
rudiment of the first pleurobronchia. 
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Tlie branchial formula of Astacus. 

Bomttes and ArthrobmncliiiB 

tbeir Podo- ^ ^ Plonro- 

Appeiidagcs. liraiiehiro. Anterior. Posterior, braiichiaj. 


VII. .. 

0 (ep.) 

.. 0 

... 0 ... 

0 as 0 (ep.) 

VIII. .. 

1 

.. 1 

... 0 ... 

0 =2 

IX. .. 

1 

.. 1 

... 1 ... 

0 =3 

X. .. 

1 

.. 1 

... 1 ... 

0 ^ 3 

XI. .. 

1 

.. 1 

... 1 ... 

Oorr =3or3 + r 

XII. .. 

1 

.. 1 

... 1 ... 

r = 3 + r 

XIII. .. 

1 

.. 1 

... 1 ... 

r = + r 

XIV. .. 

0 

.. 0 

... 0 ... 

1 =1 


G + cp. 

4-6 

+ 5 + 

1 +2or3/*= 18 + ep. + 2or3r. 


In Camharns, the number of the branchije is reduced 
to seventeen by the disappearance of the last pleuro- 
braneliia ; ■while, in Astacoidcs, the process of reduction 
is carried so far, that only twelve complete branchiae are 
left, the rest being eitlier represented by mere rudiments, 
or disappeai’ing altogether. 


The branchial fonmda of Astacoidcs, 


Somites and 
their 

Appeiiilages. 

Podo- 

brancliia*. 

Artlirobranchia^ 

Pleuro- 

braneliiip. 


Anterior. 

Posterior. 


VII. ... 

0 (ep. r.) 

0 

... 0 

... 0 = 

0 (cp. r.) 

VIII. ... 

1 

r 

... 0 

... 0 = 

1 + r 

IX. ... 

1 

1 

... 0 

... 0 « 

2 

X ... 

1 

1 

... T 

... 0 = 

2 + 7* 

XI. ... 

1 

1 

... r 

... 0 = 

2 + r 

XII. ... 

1 

1 

... r 

... 0 = 

2 + r 

XIII. ... 

' 1 

1 

... T 

... 0 = 

2 + r 

XIV. ... 

0 

0 

... 0 

... 1 =a 

1 




+ 0 + 4?* + l = 

12 + ep.r.+ 5n 
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As these formulsB show, those trichobranchiate Crus- 
tacea, which possess fewer than twenty-one complete 
branchife on each side, commonly present traces of the 
missing ones, either in the shape of epipodites, as in the 
case of the j)odobranchi8D, or of minute rudiments, in the 
case of the arthrobranchiae and the pleurobranchisc. 

In the marine, prawn-like, genus Pciuciis (fig. 73, 
Chap. VI.), the gills are curiously modified tricliobran- 
cliia?. The number of functional branchiae is, as in the 
lobster, twenty ; but the study of their disjiosition shows 
that the total is made up in a very different way. 


The branchial formula of PeiKcns. 


Somitcfl and 
their 

ro<h»- 

Arthi’nlnwieliiio. 

rieiij-o- 


Ai)pendnges. 

Iminehia; 

Anterior. 

Posterior. 

brane1tiu0. 


VII. ... 

0 (ep.) 

... 1 ... 

0 ... 

0 

= 

1 + cp. 

VIII. ... 

0 (ep.) 

... 1 ... 

1 ... 

1 

= 

:j -i- cp. 

IX. ... 

0 (ep.) 

... 1 ... 

1 ... 

1 

= 

3 + ep. 

X. ... 

0 (ep.) 

... 1 ... 

1 ... 

1 

= 

:> + cp. 

XI. ... 

0 (ep.) 

... 1 ... 

1 ... 

1 

= 

3 + ep. 

XII. ... 

0 (ep.) 

... 1 ... 

1 ... 

1 

= 

3 + ep. 

XIII. ... 

0 

... 1 ... 

1 ... 

1 

a* 

o 

XIV. ... 

0 

... 0 ... 

0 

1 

= 

1 


0 + C cp. 

+ 7 + 

6 + 

7 


20 + C ep. 


This case is very interesting; for it shows that the 
whole of the i)odobranchiae may lose their brancliial charac- 
ter, and be reduced to epipodites, as is the case with the 
first in the craj^fish and lobster, and indeed in most of 
tlie forms under consideration. And since all but one of 
the somites bear both artlirobranchiae and pleurobranchiae. 
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the suggestion arises that each h 3 ^pothetically complete 
thoracic somite should possess four gills on each side, 
giving the following 


Hypothetically complete branchial formula^ 


Somites and 
tlioir 

Apitendagcs. 

Podo- 

bratiuliiai. 

Artbrobroncliiai. 

- 

Pleiiro- 


Anterior. 

Posterior. 

bruneliiii*.. 


VII. ... 

1 

... 1 

... 1 ... 

1 

= 

4 

VIII. ... 

1 

... 1 

... 1 ... 

1 

= 

4 

JX. ... 

1 

... 1 

... ‘ 1 ... 

1 


4 

X. ... 

1 

... 1 

... 1 ... 

1 

= 

4 

XI. ... 

1 

... 1 

... 1 ... 

1 

= 

4 

XII. ... 

1 

... 1 

... 1 ... 

1 


4 

XIII. ... 

1 

... 1 

... 1 ... 

1 


4 

XJV. ... 

1 

... 1 

... 3 ... 

1 

- 

4 


8 

+ 8 

+ 8 + 

8 


Si 


Starting from this hjiiothetically comi^lete branchial 
formula, we may regard all the actual formulse as pro- 
duced from it by the more or less complete suppression 
of the most anterior, or of the most i)osterior branchise, 
or of both, in each series. In the case of the podo- 
branchiffi, the branchite are conveiiied into epipodites ; in 
that of the other branchise, they become rudimentary, or 
disappear. 

In general appearance a common prawn {Palcemony 
fig. 71) is very similar to a miniature lobster or crayfish. 
Nor does a closer examination fail to reveal a complete 
fundamental likeness. The number of the somites, and 
of the appendages, and their general character and dispo- 
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sition, are in fact the same. But, in the prawn, the abdomen 
is much larger in proportion to the cephalothorax ; the 



71. Palcnmon javw'ternxh (about ^ nat. size). A. female ; 
B, fifth thoracic appeudag-e of mule. 


basal scale, or expedite of the antenna, is much larger ; 
the external maxillipedes are longer, and differ less from the 
succeeding thoracic ai)pendages. The first j^air of these, 
which ans\vers to the forceps of the crayfish, is chelate, 
but it is very slender ; the second pair, also chelate, is 
always larger than the first, and is sometimes exceedingly 
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long and strong (fig. 71, B); tlie remaining thoracic 
limbs are terminated by simide claws. The five anterior 
abdominal somites are all provided with large swimmerets, 
which are used like paddles, when the animal swims 
quietly ; and, in the males, the first pair is only slightly 
difierent from the rest. The rostrum is very large, and 
strongly serrated. 

None of these differences from the crayfish, however, 
is so great, as to jirepare us for the remarkable change 
observable in the respiratory organs. The total number 
of the gills is only eight. Of these, five are large pleuro- 
branchiiB, attached to the epimeni of the five hinder 
tlioracic somites; two are arthrobranchiio, fixed to the 
interarticular membrane of the external maxillipede ; and 
one, which is the onl}’’ complete podobranchia, belongs 
to the second maxillipede. The podobranchisB of the 
first and third maxillipedes are represented only by small 
epii)odites. The branchial formula therefore is : — 


Somites niul 
tlieir 

Appendages. 

Tddo- 

1)1111101110:!. 

Artlirobmiiehiie, 

Anterior. Tosterior. 

Plcuro- 

braiieliisB. 


VII. . 

. 0 (ep.) 

0 

... 0 ... 

0 

= 

0 (ep.) 

VIII. . 

. 1 

0 

... 0 ... 

0 

= 

1 

IX. . 

. 0 (ep.) 

1 

... 1 ... 

0 

= 

2 (ep.) 

X. . 

. 0 

0 

... 0 ... 

1 

= 

1 

XI. . 

. 0 

0 

... 0 ... 

1 


1 

XII. . 

. 0 

0 

... 0 ... 

1 

s: 

1 

XIII. . 

. 0 

0 

... 0 ... 

1 

S 

1 

XIV. . 

. 0 

0 

... 0 ... 

1 

= 

1 


1 + 2 cp. 

+ 1 

+ 1 + 

5 

— 

8 + 2 ep. 
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The prawn, in fact, presents us with an extreme case 
of that kind of modification of the branchial system, of 
which Pciueus has furnished a less complete example. 
The series of the podobranchife is reduced almost to 
nothing, while the lai’ge pleurobranchiLC are tlie chief 
organs of respiration. 

But this is not the only difference. The prawn’s 
gills are not brush-like, but are foliaceous. They are 
not trichohranchice, but pliyllohramhim ; that is to say, 
the central stem of the braiichia, instead of being beset 
with numerous series of slender filaments, bears only two 
rows of broad flat lamelhe (fig. G8, C, C', Z), which are 
attached to opposite sides of the stem (O', «), and gradu- 
ally diminish in size from the region of the stem by which 
it is fixed, upwards and downwards. These lamella) are 
superimposed closely ui)on one another, like the leaves of 
a book ; and the blood traversing the numerous passages 
by which their substance is excavated, comes into close 
relation with the currents of aerated water, which are 
driven between the brancliial leaflets by a respiratory 
mechanism of the same nature as that of the crayfish. 

Different as these phyllobranchi® of the prawns are in 
appearance from the trichobranchiro of the preceding 
Crustacea, they are easily reduced to the same type. For in 
the genus Axius, which is closely allied to the lobsters, 
each branchial stem bears a single series of filaments on its 
opposite sides ; and if these biserial filaments are sup- 
posed to widen out into broad leaflets, the transition from 
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the trichobranchia to the phyllobranchia will be very 
easily eflfected. 

The shrimp (Crangon) also possesses phyllobrancliiie, 
and differs from the prawn chiefly in the character of its 
locomotive and prehensile thoracic limbs. 

There ai’e yet other very well-known marine animals, 
which, in common ai^iireciation, are always associated with 
the lobsters and cra3-fishes, although the difference of 
general appearance is vastly greater than in any of the 
cases which have yet been considered. These are the 
Crabs. 

In all the forms we have hitherto been considering, 
the abdomen is as long as, or longer than, the cephalo- 
thorax, while its widtli is the same, or but little less. 
The sixth somite has very large ajipendages, which, 
together with the telson, make up a powerful tail-flu ; 
and tlie large abdomen is thus fltted for j)laying an 
impoi*tant part in locomotion. 

Again, tlie length of the ceidialothorax is much greater 
than its width, and it is produced in front into a long 
rostrum. The bases of the antenna) are freely movable, 
and they are provided with a movable exopodite. More- 
over, tlic eye-stalks are not inclosed in a cavity or orbit, 
and the eyes themselves appear above and in front of 
the antennules. The external maxillipedes are narrow, 
and their endopodites are more or less leg-like. 

None of these statements apply to the crabs. In these 
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animals the abdomen is short, flattened, and apt to escape 
immediate notice, as it is habitually kept closely api)lied 
against the under surface of the cei)halothorax. It is 



Fig. 72 . Canc(T pagnruSjTCLslQ (^j nat, size). A, dorsal view, with the 
abdomen extended ; B, front view of “ face.” as, antennary sternum ; 
or, orbit ; r, rostrum ; 1. eyestalk ; 2. antennule ; 3. base of antenna; 
8', free portion of antenna. 

T 
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not used as a swimming organ ; and the sixth somite 
possesses no appendages whatever. The breadth of the 
cephalothorax is often gTeater than its length, and there 
is no prominent rostrum. In its place there is a trun- 
cated process (fig. 72, B, r), which sends down a vertical 
partition, and divides from one another two cavities, in 
which the swollen basal joints of the small antennules (^) 
are lodged. The outer boundary of each of these cavities 
is formed by the basal part of the antenna (S), w^hich is 
firmly fixed to the edge of the carapace. There is no exi^ 
poditic scale ; and the free part of the antenna (5') is very 
small. The convex corneal surface of the eye appears 
outside the base of the antenna, lodged in a sort of orbit 
(or), the inner margin of which is formed by the base of 
the antenna, while the ujiper and outer boundaries are 
constituted by the carapace. Thus, while in all the pre- 
ceding forms, the eye is situated nearest the middle line, 
and is most forward, wliile the antcnnule lies outside 
and behind it, and the antenna comes next ; in the crab, 
the antennule occupies the innermost place, the antenna 
comes next, and the eye appears to be external to and 
behind the other two. But there is no real change in 
the attachments of the eye-stalks. For if the antennule 
and the basal joint of the antenna are removed, it will be 
seen that the base of the eye-stalk is attached, as in the 
crayfish, close to the middle line, on the inner side, 
and in front of the antennule. But it is very long and 
extends outwards, behind the antennule and the antenna ; 



THE CRABS. 


2/5 


its corneal surface alone being visible, as it projects into 
the orbit. 

Again, the ischiopodites of the external maxillipedes 
are expanded into broad quadrate plates, which meet in 
the middle line, and close over the otlier manducatory 
organs, like two folding-doors set in a square doorway. 
Behind these there are great chelate forceps, as in the 
crayfish; but the succeeding four pairs of ambulatory 
limbs are terminated by simple claws. 

When the abdomen is forcibly turned back, its sternal 
surface is seen to be soft and membranous. There are no 
swimmerets ; but, in the female, the four anterior pairs 
of abdominal limbs are represented by singular appen- 
dages, which give attachment to the eggs ; while in the 
males there are two pairs of styliform organs attached 
to the first and second somites of the abdomen, which 
correspond with those of the male crayfishes. 

The ventral portions of the branchiostegites are 
shaiqdy bent inwards, and their edges are so closely 
ajqfiied throughout the greater imiii of their length to 
the bases of the ambulatory limbs, that no branchial 
cleft is left. In front of the bases of the forceps, how- 
ever, there is an elongated aperture, which can be shut 
or oiiencd by a sort of valve, connected with the external 
maxillipede, which serves for the entrance of water into 
the branchial cavity. The water employed in respiration, 
and keiDt in constant motion by the action of the sca- 
phognathite, is baled out through two apertures, which 
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are separated from the foregoing by the external maxilli- 
pedcs, and lie at the sides of the quadrate space in 
which these organs are set. 

There are only nine gills on each side, and these, 
as in the prawn and shrimp, are phj^llohrancliise. 
Seven of the hranchiiB are pyramidal in shape, and for 
the most part of lai’ge size. When the branchiostegito 
is removed, the}’' are seen lying close against its inner 
W’alls, their ajnees converging towards its summit. The 
two liiiidermost of these gills arc pleurobranchiie, the 
other five are arthrohranchise. The two remaining gills 
are podohraiichia3, and belong to the second and the 
third maxillipedes respectively. Each is divided into a 
branchial and an epipoditic poiiion, the latter having the 
form of a long curved blade. The branchial portion of 
the podobranchia of the second maxillipede is long, and 
lies horizontally under the bases of the four anterior 
arthrobrancliiae ; while the gill of the podobranchia of 
the third maxillipede is short and triangular, and fits in 
between the bases of the second and the third arthro- 
branchiae. The epipodite of the third maxillipede is very 
long, and its base furnishes tlie valve of the afferent 
aperture of the branchial cavity, which has been men- 
tioned above. The podobrancliia of the first maxillipede 
is represented only by a long curved epipoditic blade, 
which can sweep over the outer surface of tlie giUs, and 
doubtless serves to keej) them clear of foreign bodies. 
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The branchial formula of Cancer pagurm. 
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It will be observed that the suppression of branchifc 
has here taken i)lace in aU the series, and at both the 
anterior and the posterior ends of each. But the defect 
in total number is made up by the increase of size, not of 
the pleurobranchice alone, as in the case of the jirawns, 
but of the arthrobranchiae as well. At the same time 
the whole apparatus has become more specialized and 
perfected as a breathing organ. The close fitting of the 
edges of tlie carapace, and the possibility of closing the 
inhalent and exhalent apertures, render the crabs much 
more independent of actual immersion in water than most 
of theii* congeners ; and some of them habitually live on 
dry land and breathe by means of the atmospheric air 
which they take into and expel from their branchial cavities. 

Notwithstanding all these wide departures from the 
structure and habits of the crayfishes, however, attentive 
examination shows that the plan of construction of the 
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crab is, in all fundamental respects, the same as that of the 
cra^’fish. The body is made up of the same number of 
somites. The appendages of the head and of the thorax 
are identical in number, in function, and even in the 
general pattern of their structure. But two pairs of 
abdominal appendages in the female, and four pairs in 
the male, have disappeared. The exopodites of the 
antennae have vanished, and not even epipodites re- 
main to represent the podobranchifie of the posterior five 
pairs of thoracic limbs. The exceedingly elongated eye- 
stalks are turned backwards and outwards, above the 
bases of the aiitennules and the antemifie, and the bases 
of the latter have become united with the edges of the 
carapace in front of them. In this manner the extra- 
ordinary face, or metope (fig. 72, B) of the crab results 
from a simple modification of tlie arrangement of parts, 
every one of which exists in the crayfish. The same 
common plan serves for both. 

The foregoing illustrations are taken from a few of our 
commonest and most easil}’' obtainable Crustacea ; but they 
amply suffice to exemjolify the manner in which the* con- 
ception of a plan of organization, common to a multitude 
of animals of extremely diverse outward forms and habits, 
is forced upon us by mere comj^arative anatomy. 

Nothing would be easier, were the occasion fitting, than 
to extend this method of comparison to the whole of the 
several thousand species of crab-like, crayfish-like, or 
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prawn-like animals, which, from the fact that they all 
have their eyes set upon movable stalks, are termed the 
Poclophthalmia, or stalk-eyed Crustacea; and by argu- 
ments of similar force to prove that they are all modifica- 
tions of the same common plan. Not only so, but the 
sand-hoppers of the sea-shore, the wood-lice of the land, 
and the water-fleas or the monoculi of the ponds, nay, 
even such remote forms as the barnacles wliich adhere to 
floating wood, and the acorn shells which crowd every inch 
of rock on many of our coasts, reveal the same fimda- 
mental organization. Further than this, the spiders 
and the scorpions, the milliiDedes and the centixiedes, and 
the multitudinous legions of the insect world, show us, 
amid infinite diversity of detail, nothing which is new in 
principle to any one who has mastered the morphology 
of the crayfish. 

Given a body divided into somites, each with a pair 
of appendages; and given the power to modify those 
somites and tlieir appendages in strict accordance with 
the principles by which the common plan of the Podopli- 
ihalmia is modified in the actually existing members of 
that order; and the whole of the Arthropoda, which 
probably make up two-thirds of the animal world, might 
readily be educed from one luimitive form. 

And tliis conclusion is not merely speculative. As a 
matter of observation, though the Arthropoda arc not all 
evolved from one primitive form, in one sense of the 
words, yet they are in another. For each can be traced 
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back in the course of its development to an ovum, and 
that ovum gives rise to a blastoderm, from which the 
parts of tlie embryo arise in a manner essentially similar 
to that in which the young crayfish is developed. 

Moreover, in a large i)roportion of the Crmtacea, the 
embryo leaves the egg mider the form of a small oval 
body, termed a Nauplhis (fig. 73, D), provided with 
(usual!}’) three pairs of appendages, which plaj^ the part 
of swimming limbs, and with a median eye. Changes of 
form accompanied b}’ sheddings of the cuticle take place, 
in virtue of which the larva passes into a new stage, when 
it is termed a Zocea (C). In this, the three pairs of loco- 
motive appendages of the Nauplim are metamorj)hosed 
into rudimentary antcnnules, antennae, and mandibles, 
while two or more pairs of anterior thoracic airpendages 
provided with cxopodites and hence aiipearing bifurcated, 
subserve locomotion. Tlie abdomen has grown out and 
become a notable feature of the Zoaea, but it has no 
appendages. 

In some Podoplitliahma, as in Penceus (fig. 73), the 
young leaves the egg as a Nauplius, and the Nauplius 
becomes a Zoaea. Tlie hinder thoracic aj)pendages, each 
provided with an cpipodite, appear ; the stallied eyes and 
the abdominal members are developed, and the larva passes 
into what is sometimes called the Mysis or Schizopod 
stage. The adult state difiers from this chiefly in the 
presence of brancliiie and the rudimentary character of 
the exopodites of the five posterior thoracic limbs. 
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developed ; and, in this case, the Nauplius state is 
passed through so rapidly and in so early and imperfect a 
condition of the embryo, that it would not bo recognized 



Fig. 74. Cancer ijagnrus. A, newly hatched Zoaea ; B, more advanced 
Zoasa ; C, dorsal, and D, side view of Megalopa (after Spence Bate). 
The figures A and B are more magnified than G and D.) 

except for the cuticle which is developed and is subse* 
quently shed. 
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In the great majority of the Pocloplithalmia^ the Nauplius 
stage seems to be passed over without any such clear 
evidence of its occurrence, and the young is set free as a 
ZoEea. In the lobsters, wliich have, throughout life, a 
large abdomen pro\ided with swimmcrets, the Zotea, 
after going through a Mysis or Schizopod stage, passes 
into the adult form. 

In the crab, the young leaves the egg as a Zoasa 
(fig. 74, A and B). But tliis is not followed by a 
Schizopod stage, inasmuch as the five hinder pair of 
thoracic limbs are apparently, from the first, devoid of 
exopodites. But the Zorca, after it has acquired stalked 
eyes and a complete set of thoracic and abdominal 
members, and has passed into what is called the Mega- 
hpa stage (fig. 74, C and D), suffers a more comidete 
metamoiq)hosis. The carapace widens, the fore part of 
the head is modified so as to bring about the formation 
of the characteristic metope : and the abdomen, losing 
more or fewer of its posterior appendages, takes up its 
final position under the thorax. 

In the Zosea state, those thoracic limbs which give rise 
to the maxillipedes are provided with well-developed 
exopodites, and in the free Mysis state all these limbs 
have exoi)odites. In the Opossum-shrimps these persist 
throughout life ; in Pcnceus, the rudiments of them only 
remain ; in the lobster, they disappear altogether. 

Thus, in these animals, there is no difficulty in demon- 
strating that embryological uniformity of type of all the 
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limbs, complete evidence of which was not furnished by the 
development of the crayfish. In this crustacean, in fact, 
it would appear that the process of development has 
undergone its maximum of abbreviation. The embryo 
presents no distinct and indei)endent Nauplius or Zoaea 
stages, and, as in the crab, there is no Schizopod or 
Mysis stage. The abdominal appendages are develoi)ed 
very early, and the new born young, which resembles the 
Megalopa stage of the crab, differs only in a few points 
from the adult animal. 

Guided by comparative morphology, we are thus led 
to admit that the whole of the Arthropoda are connected 
by closer or more remote degrees of aflSnity with the 
crayfish. If we were to study the perch and the pond- 
snail wdth similar care, we should be led to analogous 
conclusions. For the perch is related by similar grada- 
tions, in the first place, with other fishes; then more 
remotely, with frogs and newts, reptiles, birds, and 
mammals ; or, in other words, with the whole of the 
great division of the Vertehrata. The pond -snail, by 
like reasoning upon analogous data, is connected with 
the Molluscay in all their innumerable kinds of slugs, 
shellfish, squids, and cuttlefish. And, in each case, the 
study of development takes us back to an egg as the 
j)rimaiy condition of the animal, and to the process of 
yelk division, the formation of a blastoderm, and the con- 
version of that blastoderm into a more or less modified 
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gastrula, as the early stages of development. The like 
is true of all the worms, sea-urchins, starfishes, jellyfishes, 
polypes, and sponges ; and it is only in the minutest and 
simplest forms of animal life that the germ, or repre- 
sentative of the ovum becomes metamorphosed into the 
adult form without the preliminary process of division. 

In the majority even of these Protozoa, the typical 
structure of the nucleated cell is retained, and the whole 
animal is the equivalent of a histological unit of one of 
the higher organisms. An Amonha is strictly comparable, 
mori)hologically, to one of the corpuscles of the blood of 
the crayfish. 

Thus, to exactly the same extent as it is legitimate 
to represent all the crayfishes as modifications of the 
common astacine plan, it is legitimate to represent all 
the multicellular animals as modifications of the gastrula, 
and the gastrula itself as a peculiarly disposed aggregate 
of cells ; while the Protozoa are such cells either isolated, 
or otherwise aggregated. 

It is easy to demonstrate that all plants ai’e either 
cell aggregates, or simple cells ; and as it is impossible 
to draw any precise line of demarcation, either physio- 
logical or morphological, between the simplest plants, 
and the simplest of the Protozoa, it follows that aU forms 
of life are morphologically related to one another; and 
that in w^hatever sense we say that the English and the 
Califomian crayfish are allied, in the same sense, though 
not to the same degree, must we admit that all living things 
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are allied. Given one of those protoplasmic bodies, of 
which we are unable to say certainly wdiether it is animal 
or plant, and endow it with such inherent capacities of 
self-modification as are manifested daily under our eyes 
by developing ova, and we have a sufficient reason for 
the existence of any plant, or of any animal. 

This is the great result of comparative moriohology ; 
and it is carefully to be noted that this result is not a 
speculation, but a generalisation. The truths of anatomy 
and of embiyology are generalised statements of facts 
of experience ; the question whether an animal is more 
or less like another in its structure and in its develop- 
ment, or not, is capable of being tested by observation ; 
the doctrine of the unity of organisation of plants and 
animals is simply a mode of stating the conclusions 
drawn from experience. But, if it is a just mode of 
stating these conclusions, then it is undoubtedly con- 
ceivable that all i)lants and all animals may have been 
evolved from a common physical basis of life, by jiro- 
cesses similar to those which we every day see at work 
in the evolution of individual animals and plants from 
that foundation. 

That which is conceivable, however, is by no means 
necessarily true ; and no amount of purely morpho- 
logical evidence can suffice to prove that the forms 
of life have come into existence in one way rather 
than another. 

There is a common i)lan among churches, no less than 
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among crayfishes ; nevertheless the churches have cer- 
tainly not been developed from a common ancestor, but 
have been built separately. Whether the different kinds 
of crayfishes have been built separately, is a problem we 
shall not be in a position to grapi)le with, until we have 
considered a series of facts connected with them, which 
have not yet been touched u^^on. 



CHAPTER VI. 

THE DISTEIBUTIOX AND THE .ETIOLOGY OF THE 
CRAYFISHES. 

So far as I Lave been able to discover, all the cray- 
fishes which inhabit the British islands agree in every 
point with the full description given above, at p. 230. 
They are abundant in some of our rivers, such as the 
Isis, and other affluents of the Thames ; and they have 
been observed in those of Devon ; ^ but they apj)ear to 
be absent from many others. I cannot hear of any, for 
example, in the Cam or the Ouse, on the east, or in 
the rivers of Lancashire and Cheshire, on the west. 
It is still more remarkable that, according to the best 
information I can obtain, they are absent in the Severn, 
though they are plentiful in the Thames and Severn canal. 
Dr. MTntosh, who has paid particular attention to the 
fauna of Scotland, assures me that crayfish are unknown 
north of the Tweed. In Ireland, on the other hand, 
they occur in many localities ; t but the question whether 
their diffusion, and even their introduction into this 

* Moore. Magazine of Natural History. New Series, III., 1839. 
f Thompson. Annals and Magazine of Natural Histoiy, XI., 1843. 



THE 'name astacus fluviatilis. 289 

island, has or has not been effected by artificial means, is 
involved in some obscurity. 

English zoologists have always termed our crayfish 
Astacus jluviatilis ; and, up to a recent period, the 
majority of Continental naturalists have included a 
corresponding form of Astacus under that specific name. 

Thus M. Milne Edwards, in his classical work on the 
Crustacea,* published in 1837, observes under the head of 
^‘Ecrevisse commune. Astacus flmiatilis There are 
two varieties of this crayfish; in the one, the rostrum 
gradually becomes narrower from its base onwards, and 
the lateral spines are situated close to its extremity; 
in the other, the lateral edges of the rostrum are parallel 
in their posterior half and the lateral spines are strong^jr 
and more remote from the end.’* 

The “ first variety,” here mentioned, is knovm under 
the name of ‘^Ecrevisse a pieds blancs”t ^ France, 
by way of distinction from the ‘‘ second variety,” which 
is termed ‘‘Ecrevisse a pieds rouges,” on account of 
the more or less extensive red coloration of the forceps 
and ambulatory limbs. This second variety is the larger, 
commonly attaining five inches in length, and sometimes 
reaching much larger dimensions ; and it is more highly 
esteemed for the market, on account of its better flavour. 

In Germany, the two forms have long been popularly 
distinguished, the former by the name of “ Steinkrebs,” 

* “ Histoire Naturelle dcs Crustaces.” 
t Carbonnier. “L’Ecrevisse,” p. 8. 
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or stone crayfish,” and the latter by that of “ Edel- 
krebs,” or noble crayfish.” 

Milne Edwards, it will be observed, speaks of these 
two forms of crayfish as varieties ” of the species 
Astacm fluviatilis ; but, even as far back as the year 
1803 some zoologists began to regard the “ stone cray- 
fish ” as a distinct species, to which Schrank applied the 
name of Astacus torrentimn, -while the “ noble cra 3 ^fish ” 
remained in possession of the old denomination, Astacus 
fluviatilis; and, subsequently, various forms of “stone- 
crayfishes have been further distinguished as the species 
Astacus samtiUs, A. iristis, A. pallipcs, A. foiitinalis, 
&c. On the other hand, Dr. Gerstfeldt,* who has devoted 
especial attention to the question, denies that these 
are anything more than varieties of one species ; but he 
holds this and Milne Edwards’s “ second variety ” to be 
specifically distinct from one another. 

We thus find ourselves in the presence of three views 
respecting the English and French crayfishes. 

1. They are all varieties of one species — A. fluviatilis. 

2. There are two species — A. fluviatilis^ and A. tor- 
rentium, of which last there are several varieties. 

3. There are, at fewest, five or six distinct species. 

Before adopting the one or the other of these 

views, it is necessary to form a definite conception of 
the meaning of the terms “ species ” and “variety.” 

♦ ** Ueber die Flusskrebsc Europas.” Mem. de TAcad. de St. Peters- 
burgf, 1859. 
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The word species ” in Biology has two significations ; 
the one based upon morx3hological, the other upon 
physiological considerations. 

A species, in the strictl}’^ morphological sense, is simply 
an assemblage of individuals which agree with one another, 
and differ from the rest of the living world in the sum 
of their morphological chai’acters; that is to say, in 
the structure and in the development of both sexes. 
If the sum of these characters in one group is repre- 
sented by A, and that in anotlier by A -f ; the two 
are morphological species, whether n represents an 
important or an unimportant difference. 

The great majority of species described in works on 
Sj'stematic Zoologj’’ are merely morphological species. 
That is to sa}", one or more specimens of a kind of animal 
having been obtained, these specimens have been found 
to differ from any previously known by the character or 
characters n ; and this difference constitutes the defi- 
nition of the new species, and is all we really know 
about its distinctness. 

But, in practice, the formation of specific groups is 
more or le^s qualified b}’’ considerations based upon what 
is known respecting variation. It is a matter of obser- 
vation that progen}^ are never exactly like their parents, 
but present small and inconstant differences from them. 
Hence, when specific identity is predicated of a grouj) of 
individuals, the meaning conveyed is not that they are 
all exactly alike, but only tliat their differences are so 
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small, and so inconstant, that they lie within the 
probable limits of individual variation. 

Observation further acquaints us with the fact, that, 
sometimes, an individual member of a species may 
exhibit a more or less marked variation, which is pro- 
pagated through all the oifspring of that individual, 
and may even become intensified in them. And, in 
this manner, a variety, or race, is generated within the 
species ; which variet}", or race, if nothing were known 
respecting its origin, might have every claim to be 
regarded as a separate morphological species. The 
distinctive characters, of a race, however, are rarely 
equally well marked in all the members of the race. 
Thus suppose the species A to develope the race X + x; 
then the difference x is apt to be much less in some 
individuals than in others ; so that, in a large suite of 
specimens, the interval between X + x and A will be 
filled up by a series of forms in which x gradually 
diminishes. 

Finally, it is a matter of observation that modification 
of the phj’sical conditions under which a species lives 
favours the development of varieties and races. 

Hence, in the case of two specimens having respec- 
tively the characters A and X + n, although, prima/acie, 
they are of distinct species ; yet if a large collection 
shows us that the interval between A and A -f w is filled 
up by forms of A having traces of n, and forms of A -|- w 
in which n becomes less and less, then it will be con- 
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eluded that A and A + w are races of one species and 
not separate sjiecies. And this conclusion will be fortified 
if A and A + w occupy different stations in the same 
geographical area. 

Even when no transitional forms between A and A + n 
are discoverable, if n is a small and unimportant differ- 
ence, such as of average size, colour, or ornamenta- 
tion, it may be fairly held that A and K + n are mere 
varieties ; inasmuch as experience i)roves that such 
variations may take place comparatively suddenly; or 
the intermediate forms ma}?* have died out and thus the 
evidence of variation may have been effixeed. 

From what has been said it follows that the groups 
termed morphological species are i^rovisional arrange- 
ments, expressive simply of the i)resent state of our 
knoxvledge. 

We call two groups species, if xve know of no tran- 
sitional forms between them, and if there is no reason to 
believe that the diflercnces which they i>resent are such 
as may arise in the ordinary course of variation. But 
it is impossible to say whether the progress of in- 
quiry into the characters of any grouj) of individuals 
may prove that what have hitherto been taken for mere 
varieties are distinct morphological species ; or whether, 
on the contrary, it may prove that what have hitherto 
been regarded as distinct morixhological species are mere 
varieties. 

What has happened in the case of the crayfish is this : 
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the older observers lumped all the Western European 
forms which came under their notice under one species, 
Astacvs fluviatilis ; noting, more or less distinctly, the 
stone crayfish and the noble crayfish as races or varieties 
of that species. Later zoologists, comparing crayfishes 
together more critically, and finding that the stone 
crayfish is ordinarily markedly different from the noble 
crayfish, concluded that there were no transitional forms, 
and made the former into a distinct species, tacitly as- 
suming that the differential characters are not such as 
could be produced by variation. 

It is at i^resent an ojien question ivliether further 
investigation will or will not bear out either of these 
assumptions. If large series of si>ecimens of both stone 
crayfishes and noble crayfishes from different localities 
are carefully examined, they 'will be found to present 
great variations in size and colour, in the tuberculation 
of the carapace and limbs, and in the absolute and 
relative sizes of the forceps. 

The most constant characters of the stone cra3'fish 
are : — 

1. The tapering form of the rostrum and the approxi- 
mation of the lateral spines to its point ; the distance 
between these spines being about equal to their distance 
from the apex of the rostrum (fig. 61, A). 

2. The development of one or two spines from the 
ventral margin of the rostrum. 

8. The gradual subsidence of the posterior ])art of 
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the post-orbital ridge, and the absence of spines on its 
surface. 

4. The large relative size of the posterior division of 
the telson (G). 

On the contrary, in the noble crayfish : — 

1. The sides of the posterior two -thirds of the 
rostrum are nearly parallel, and the lateral sinnes are 
fully a third of the length of the rostrum from its i)oint ; 
the distance between them being much less than their 
distance from the apex of the rostrum (B). 

2. No spine is developed from the ventral margin of 
the rostrum. 

3. The posterior part of the post-orbital ridge is a 
more or less distinct, sometimes spinous elevation. 

4. The posterior division of the telson is smaller 
relatively to the anterior division (H). 

I may add that I have found three rudimentar}^ iJeuro- 
branchise in the noble crayfish, and never more than two 
in the stone crayfish. 

In order to ascertain whether no crayfish exist in 
which the characters of the parts here referred to are 
intermediate between those defined, it would be neces- 
sary to examine numerous examples of each kind of cray- 
fish from all parts of the areas which they respectively 
inhabit. This has been done to some extent, but by no 
means thoroughly ; and I think that all that can be safely 
said, at present, is that the existence of intermediate 
forms is not proven. But, whatever the constancy of the 
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differences between the two kinds of crayfishes, there can 
surely be no doubt as to their insignificance; and no 
question that they are no more than such as, judging by 
analogy, might be produced by variation. 

From a morphological point of view, then, it is really 
impossible to decide the question whether the stone cray- 
fish and the noble crayfish should be regarded as species 
or as varieties. But, since it will, hereafter, be convenient 
to have distinct names for the two kinds, I shall sjieak 
of them as Astacus torrentium and Astacus nobilis.* 

In the ph 3 ^siological sense, a species means, firstlj", a 
group of animals the members of which are capable of 
completely fertile union with one another, but not with 
the members of any other group ; and, secondly, it 
means all the descendants of a primitive ancestor or 
ancestors, supi)osed to have originated otherwise than by 
ordinary generation. 

It is clear that, even if cra^’fishes had an unbegotten 
ancestor, there is no means of knowing whether the 
stone crayfish and the noble ci’a^^fish are descendants of 
the same, or of different ancestors, so that the second 
sense of species hardl}^ concerns us. As to the first 
sense, there is no evidence to show whether the two 

* According to strict zoological usage the names should be written. 
A. JluviatilUs (var. torrnithm') and A., fluviatilis (var. nohilh) on 
hypothesis that the stone crayfish and the noble crayfish are varieties ; 
and A. torrentinvi and A. jlnviatilh on the hypothesis that they are 
species ; but as I neither wish to prejudge the species question, nor to 
employ cumbrously long names, I take a third course 
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kinds of crayfish under consideration are capable of fertile 
union or whether they are sterile. It is said, however, 
that hybrids or mongrels are not met with in the waters 
which are inhabited by both kinds, and that the breeding 
season of the stone crayfish begins earlier than that of 
the noble crayfish. 

M. Carbonnier, who i)ractiscs crayfish culture on a large 
scale, gives some interesting facts bearing on this ques- 
tion in the ^vork already cited. He says that, in the 
streams of France, there are two very distinct kinds of 
crayfishes — the red-clawcd crayfish (L’Ecrevisse a pieds 
rouges), and the white-clawed crayfish (L’Ecrevisse a 
pieds blancs), and that the latter inhabit the swifter 
streams. In a piece of land converted into a crayfish 
farm, in wdiich the white-clawed crayfish existed natur- 
ally in great abundance, 300,000 red-clawed crayfish 
were introduced in the course of five years ; neverthe- 
less, at the end of this time, no intermediate forms were 
to be seen, and the ‘‘pieds rouges” exhibited a marked 
superiority in size over the “pieds blancs.” M. Car- 
bonnier, in fact, says that they were nearly twice as big. 

On the -whole, the facts as at iiresent known, seem to 
incline rather in favour of the conclusion that A. torren- 
tiiim and A. nohilis are distinct siK*cies ; in the sense 
that transitional forms have not been clearly made out, 
and that, possibly, they do not interbreed. 

As I have already remarked, the very numerous 
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specimens of English and Irish crayfishes which have 
passed through my hands, have all presented the charac- 
ter of Astactis torrentium, with which also the description 
given in works of recognised authority coincides as far as 
it goes.* * * § The same form is found in many parts of 
France, as far south as the Pyrenees, and it is met with 
as far east as Alsace and Switzerland. I have recently t 
heen enabled, by the kindess of Dr. Bolivar, of Madrid, 
who sent me a number of craj^fislies from the neighbour- 
hood of that city, to satisfy* myself that the Spanish 
peninsula contains crayfishes altogether similar to those 
of Britain, except that the subrostral spine is less de- 
veloped. Further, I have no doubt that Dr. Heller I is 
right in his identification of the English crayfish with 
a form which he describes under the name of A. 
saxatilis. He says that it is especially abundant in 
Southern Europe, and that it occurs in Greece, in 
Dalmatia, in the islands of Cherso and Veglia, at Trieste, 
in the Lago di Garda, and at Genoa. Further, Astacus 
torrentium appears to be widely distributed in North 
Germany. The eastern limit of this crayfish is uncertain ; 
hut, according to Kessler, § it does not occur within the 
limits of the Russian empire. 

• See BelL “ British Stalk-eyed Crustacea/’ p. 237. 

f Since the statement respecting the occurrence of crayfishes in Spain 
on p. 44 was printed. 

J “ Die Crustaceen des Siidlichen Europas,” 1863. 

§ “ Die Russischen Flusskrebse.” Bulletin de la Sociotc Impcriale 
des Naturalistes de Moscow, 1874. 
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, Astacus torrentium api^ears to be particularly addicted 
to rapid highland streams and the turbid pools which 
they feed. 

Astacus nobilis is indigenous to France, Germany, and 
the Italian iieninsula. It is said to be found at Nice 
and at Barcelona, though I cannot hear of it elsewhere 
in Spain. Its south-eastern limit appears to be the Lake 
of Zirlaiitz, in Carniola, not far from the famous caves of 
Adelsberg. It is not known in Dalmatia, in Turkey, nor 
in Greece. In the Eussian empire, according to Kessler, 
this cra3^fish chiefly inhabits the watershed of the Baltic. 
The northern limit of its distribution lies between Chris- 
tianstad, in the Gulf of Bothnia (62° 10' N), and Serdobol, 
at the northern end of Lake Ladoga. ‘‘ Eastward of 
Lake Ladoga it is found in tile Uslanka, a tributary of 
the Swir. It appears to be the only crayfish which exists 
in the waters which flow from the south into the Gulf of 
Finland and into the Baltic; except in those streams and 
lalies which have been artificially connected with the Volga, 
and in wliich it is partially replaced by A, IcptodactylusJ* 
It still inhabits the Lakes of Beresai and Bologoe, as 
well as the affluents of the Msta and the Wolchow ; and 
it is met with in affluents of the Dnieper, as far as 
Mohilew. Astacus nobilis is also found in Denmark and 
Southern Sweden ; but, in the latter country, its intro- 
duction appears to have been artificial. This crayfish 
is said occasionally to be met with on the Livonian coast 
in the waters of the Baltic, which, however, it must 
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be remembered, are much less salt than ordinary sea 
water. 

It will be observed that while the two forms, A. torren- 
tium and A. nohilis, are intermixed over a large part of 
Central Europe, A, torrentium has a wider north-west- 
ward, south-westward, and south-eastward extension, 
being the sole occupant of Britain, and apparently of 
the greater part of Sj)ain and of Greece. On the other 
hand, in the northern and eastern parts of Central 
Euroi^e, A. nohilis aj)pears to exist alone. 

Further to the east, a new form, Astacus Icptodactyliis 
(fig. 75), makes its appearance. Whether A. leptodactylus 
exists in the upper waters of the Danube, does not appear, 
but in the lower Danube and in the Theiss it is the domi- 
nant, if not the exclusive, crayfish. From hence it extends 
through all the rivers which flow into the Black, Azov, 
and Caspian Seas, from Bessarabia and Podolia on the 
west, to tlie Ural mountains on the east. In fact, the 
natural habitat of this crayfish appears to be the water- 
shed of the Pontocaspian area, excluding that part of the 
Black Sea which lies southward of the Caucasus on the 
one hand, and of the mouths of the Danube on the other.* 

It is a remarkable circumstance that this crayfish not 
only thrives in the bracldsh waters of the estuaries of 
the rivers which dcbouche into the Black Sea and tlie 
Sea of Azov, but that it is found even in the salter 

* These statements rest on the authority of Kessler and Gerstfeldt, 
in their memoirs already cited. 
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southern parts of the Caspian, in which it lives at 
considerable depths. 

In tlie north, Astacm leptodaciylm is met with in the 
rivers wdiich flow into the Wliite Sea, as well as in many 
streams and lakes about the Gulf of Finland. But it 
has probably been introduced into these streams by the 
canals which have been constructed to connect the basin 
of the Volga with the rivers which flow into the Baltic 
and into the 'White Sea. In the latter, the invading A. 
Itptodacfijhis is everywhere overcoming and driving out 
A. nohilis in the struggle for existence, apparently in 
virtue of its more rapid multiplication.* 

In the Caspian and in the brackish waters of the 
estuaries of the Dniester and the Bug, a somewhat 
ditterent cra^^fish, which has been called Astacus pachyinis, 
occurs ; another closely allied form {A . anynlosus) is met 
with in the mountain streams of the Crimea and of the 
northern face of the Caucasus ; and a third, A. colchiciis, 
has recently been discovered in the liion, or Phasis of 
the ancients, which flows into the eastern extrernit}^ of 
the Black Sea. 

With respect to the question whether these Ponto- 
caspian crayfishes are specifically distinct from one 
another, and whether the most widely distributed kind, 
A. leptodactylus, is distinct from A, nohilis ^ exactly the 
same difficulties arise as in the case of the west European 

* Kessler (Die Russischen Flusskrebse, 1. o. p. 3G9-70), has an in- 
teresting discussion of this question. 
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crayfishes. Gerstfeldt, who has had the opportunity -of 
examining large series of specimens, concludes that the 
Pontocaspian crayfishes and A. nohilis are all varieties 
of one species. Kessler, on the contrary, while he 
admits that A. angulosufi h, and A, may be, 

a variety of A. Icptodactylus, affirms that the latter is 
specifically distinct from A. nohilis. 

Undoubtedly, well marked examples of A. lejytodactylus 
are very different from A. nohilis. 

1. The edges of the rostrum are produced into five or 
six sharp sj)ines, instead of being smooth or slightly 
serrated as in -4. nohilis. 

2. The fore part of the rostrum has no serrated 
spinous median keel, such as commonly, though not uni- 
versall}", exists in A. nohilis. 

3. The posterior end of the post-orbital ridge is still 
more distinct and spiniform than in A. nohilis. 

4. The abdominal pleura of A. Icjitodactylus are nar- 
rower, more equal sided, and triangular in shape. 

5. The chelfle of the forceps, especially in the males, 
are more elongated ; and the moveable and fixed claws 
are slenderer and have their opposed edges straighter 
and less tuberculated. 

But, in all these respects, individual specimens of 
A. nohilis vary in the dmection of A. Icptodactylus and 
'vice versa; and if A. angidosns and A. pachypiis are 
varieties of A. Icptodactylus, I cannot see why Gerst- 
feldt’s conclusion that A. nohilis is another variety of 
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the same form need be questioned on morphological 
grounds. However, Kessler asserts that, in those lo- 
calities in which A. leptodactylus and A. nobilis live 
together, no intermediate forms occur, v/hich is pre- 
sumptive evidence that they do not intermix by breeding. 

No crayfishes are known to inhabit the rivers of the 
northern Asiatic watershed, such as the Obi, Yenisei, 
and Lena. None are known * in the sea of Aral, or the 
great rivers Oxus and Jaxartes, which feed that vast 
lake ; nor any in the lakes of Balkash and Baikal. If 
further exploration verifies this negative fact, it .will be 
not a little remarkable ; inasmuch as two t, if not more, 
kinds of crayfishes are found in the basin of the great 
river Amur, which drains a large area of north-eastern 
Asia, and debouches into the Gulf of Tartary, in about 
the latitude of York. 

Japan has one species (A. japoniais), perhaps more ; 
but no craj'fish has as yet been made known in any i)art 
of eastern Asia, south of Amurland. There are cer- 
tainly none in Hindostan; none are known in Persia,. 
Arabia, or Syria. In Asia Minor the only recorded 
locality is the Eion, No crayfish has yet been disco- 
vered in the whole continent of Africa.! 

* It would bo hazardous, however, to assume that none exist, especi- 
ally in the Oxus, which formerly flowed into the Caspian, 
f A, davricus and A. SehrencMi. 

X Whatever the so-called Axtacm capensis of the Cape Colony may 
be, it is certainly not a crayfish. 
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Thus, on the continent of the old world, the crayfishes 
are restiicted to a zone, the southern limit of which 
coincides with certain great geographical features ; on 
the west, the Mediterranean, with its continuation, the 
Black Sea ; then the range of the Caucasus, followed by 
the great Asiatic highlands, as far as the Corea on the 
east. On the north, though there is no such physical 
boundary, the crayfishes appear to be entirely excluded 
from the Siberian river basins ; wdiile east and west, 
though a sea-barrier exists, the crayfishes extend beyond 
it, to reach the British islands and those of Japan. 

Crossing the Pacific, we meet with some half-a-dozen 
lands of crayfishes,* different from those of the old 
world, but still belonging to the genus Astacusy in 
British Columbia, Oregon, and California. Beyond the 
Kocky Mountains, from the Great Lakes to Guatemala, 
crayfishes abound, as many as thirty-two different species 
having been described, but they all belong to the genus 
Camharus (fig. 63, p. 248). Species of this genus also 
occur in Cuba,! but, so far as is at present known, not 
in any of the other West Indian islands. The occurrence 
of a curious dimoiphism among the male Cambari has 
been described by Dr. Hagen; and a blind Cambams 

* Dr. Hagen in his “ Monograph of the North American Astacidse,” 
enumerates six species ; A. Gamhdii, A. 7damutJu‘/isiSf A. Uenumlns, 
A. nif/rescensj A. vrcgamidi and A, TrmvhridgiL 
•f Von Martens. Camharus enhensis, Archiv. f iir Naturgeschichte, 
xxxviii. 



306 DISTRIBUTION AND JETIOLOGY OF THE CRAYFISHES. 


is found, along ivltli other blind animals, in the sub- 
terranean caves of Kentucky, 

All the crayfishes of the northern hemisphere belong 
to the Potamohiido!, and no members of this famil}^ are 
known to exist south of the equator. The crayfishes of the 
southern hemisphere, in fact, all belong to the division of 
tlie Parastacidoi, and in respect of the number and variety 
of forms and the size which the}'' reach, the head-quarters 
of the Parastacidae is the continent of Australia. Some 
of the Australian crayfishes (fig. 76) attain a foot or 
more in length, and are as large as full-sized lobsters. 
The genus Engcciis of Tasmania comprises small cray- 
fish which, like some of the Cainbari, live habitually on 
land, in burrows which they excavate in the soil. 

New Zealand has a peculiar genus of crayfishes, 
Paranephrojis, a species of ivhich is found in the Fiji 
Islands, but none are loiown to occur elsewhere in 
Polynesia. 

Two kinds of crayfish have been obtained in southern 
Brazil, and have been described by Dr. v. Martens,^ as 
A. pilimanm and A. hrasiliensis, I have shown that 
they belong to a peculiar genus, Parastacus. The former 
was procured at Porto Alegre, which is situated in 30*^ 
S. Latitude, close to the mouth of the Jacuhy, at the 
north end of the great Laguna do Patos, which communi- 

♦ Siidbrasilische Siiss- und Brackwasser Crustaceen, nach den Samm- 
Inngen des Dr. Reinh. llensel. Archiv. filr Naturgeschichte, xxxv. 
18C9. 




Fig. 7G.— Australian Crajfisli (J nat. size).* 


* The nomenclature of the Australian crayfishes requires thorough 
revision. I therefore, for the present, assign no name to this cray- 



308 DISTRIBUTION AND -ETIOLOGY OF THE CRAYFISHES. 


cates by a narrow passage with the sea ; and also at Sta. 
Cruz in the upper basin of the Rio Pardo, an affluent of 
the Jacuhy, “ by digging it out of holes in the ground.*' 
The latter (P. brasiliensis, fig. 64) was obtained at Porto 
Alegre, and further inland, in the region of the iDrimitive 
forest at Rodersburg, in shallow streams. 

In addition to these, no crayfish have as 3 ^et been 
found in any of the great rivers, such as the Orinoko ; 
the Amazon, in which they were specially sought for by 
Agassiz ; or in the La Plata, on the eastern side of the 
Andes. But, on the west, an ^^Astacus*^ chilcnsis is 
described in the ‘‘Histoire Naturelle des Crustacees,’’ 
(vol. ii. p. 833). It is here stated that this cra^fflsh 
“habite les cotes du Chili,’* but the fresh waters of tlie 
Chilian coast are doubtless to be understood. 

Finall}’’, Madagascar has a genus and species of cray- 
fish (Astacoides viadagascariensis, fig. 65) peculiar to itself. 

On comparing the results obtained by the study of the 
geogi’aphical distribution of the crayfishes with those 
brought to light by the examination of their morphological 
chai’acters, the important fact that there is a broad and 
general correspondence between the two becomes ap- 
parent. The wide equatorial belt of the earth's surface 
which separates the crayfishes of the northern from those 
of the southern hemisphere, is a sort of geographical 

fish. It is probably identical with the ^1. nobilis of Dana and the A, ar^ 
mnttis of Von Martens. 
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representation of the broad morphological differences 
•which mark off the Potamohiidm from the Parastacidce. 
Each group occupies a definite area of the earth’s surface, 
and the two are separated by an extensive border-land 
untenanted by crayfishes. 

•A similar correspondence is exhibited, though less 
distinctly, when we consider the distribution of the 
genera and species of each group. Thus, among the 
Potamohiidce, Astacus torrentium and nohilis belong essen- 
tially to the northern, western, and southern watersheds 
of the central European highlands, the streams of which 
flow respectively into the Baltic and the North Seas, the 
Atlantic and the Mediterranean (fig. 77, I.) ; A. leptodac- 
tylus, pachypuSf mgulosus, and colcUicus, appertain to the 
Pontocaspian watershed, the rivers of which drain into 
the Black Sea and the Caspian (I.) ; while Astacus 
dauriciis and A, Schrenckn are restricted to the widely 
separated basin of the Amur, which sheds its waters 
into the Pacific (II.)* The Astaci of the rivers of 
western North America, which flow into the Pacific (IV.), 
and the Camhari of the Eastern or Atlantic water-shed (V.) 
are separated by the great physical barrier of the Rocky 
]\Iountain ranges. Finally, with regard to the Par- 
astacidce, the widely separated geogi*aphical regions of 
New Zealand (VIII.), Australia (IX.), Madagascar (XII.), 
and South America (VI. and VII.), are inhabited by 
generically distinct groups. 

But when we look more closely into the matter, it will 
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be found that the parallel between the geographical and the 
morphological facts cannot be quite strictly carried out. 

Astacus torrentium, as we have seen, inhabits both 
the British Islands and the continent of Europe ; never- 
theless, there is every reason to believe that twenty 
miles of sea water is an insuperable barrier to the 
passage of craj^fishes from one land to the other. For 
though some crayfishes live in bracldsh water, there is 
no evidence that any existing species can maintain them- 
selves in the sea. A fact of the same character meets us 
at the other side of the Eurasiatic continent, the Japanese 
and the Amuiiand crayfishes being closely allied ; although 
it is not clear that there are any identical species on the 
two sides of the Sea of Japan. 

Another circumstance is still more remarkable. The 
West American crayfishes are but little more difierent from 
the Pontocaspian crayfishes, than these are from Astacdis 
torrcntiimi. On the face of the matter, one might there- 
fore expect the Amurland and Jai)ancse crayfishes, which 
are intermediate in geographical position, to be also 
intermediate, morphologically, between the Pontocasx)ian 
and the West American forms. But this is not the 
case. The branchial system of the Amurland Astaci 
appears to be the same as that of the rest of the genus ; 
but, in the males, the third joint (ischiox)odite) of the 
second and third jiair of ambulatory limbs is provided 
with a conical, recurved, hook-lilie process ; while, in the 
females, the hinder edge of the penultimate thoracic 
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sternum is elevated into a transverse j)rominence, on the 
posterior face of which there is a pit or depression.* 

In both these characters, hut more especially in the 
former, the Amurland and Japanese Astaci dei)ai*t from 
both the Pontocasi>ian and the West American Astaci, 
and ai^proach the Camhan of Eastern North America. 

In these crayfishes, in fact, one or both of the same 
pairs of legs in the male are in*ovided with similar 



Fig. 78. — (Guatemala) penultimate leg. exp, coxopodite; 
cx.if, coxopoditic setae ; podobrauchia ; hp, basipodite ; iscMopo- 
dite ; meropodite ; ep carpopodite ; propodite ; dp^ dactylopodite. 

hook-like jirocesses; while, in the females, the modifi- 
cation. of the penultimate thoracic sternum is carried 
still further and gives rise to the curious structure de- 
scribed by Dr. Hagen as the annulus ventralis.” 

In all the Camhari, the pleurobranchia) appear to be 
entirety suppressed, and the hindermost podobranchia has 
no lamina ; while the areola is usually extremely narrow. 
The proportional size of the areola in the Amurland 


* Kessler, 1. c. 
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crayfishes is not recorded; in the Japanese crayfish, 
judging by the figure given by De Haan, it is about the 
same as in the western Astaci. On the other hand, in 
the West American crayfishes it is distinctly smaller ; so 
that, in this respect, they perhaps more nearly approach 
the CamharL Unfortunatel}^ nothing is known as to 
the branchia3 of the Araurland crayfishes. According 
to De Haan, those of the Japanese species resemble 
those of the western Astaci: as those of the West 
American Astaci certainly do. 

With respect to the Parastacidec ; in the remarkable 
length and flatness of the epistoma, tlie crayfishes of 
Australia, Madagascar, and South America, resemble 
one another. But in its peculiar truncated rostrum (see 
fig. 65) and in the extreme modification of its branchial 
system, which I have described elsewhere, the Madagascar 
genus stands alone. 

The Paraneplirops of New Zealand and the Fijis, with 
its wide and short epistoma, long rostrum, and large 
antennary squames, is much more unlike the Australian 
forms than might be expected from its geographical 
position. On the other hand, considering their wide 
separation by sea, the amount of resemblance be- 
tween the New Zealand and the Fiji species is very 
remarkable. 


If the distribution of the crayfishes is compared 
with that of terrestrial animals in general, the points of 
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difference are at least as remarkable as the resem- 
blances. 

Witli respect to the latter, the area occupied by the 
PotamohlidcBy corresponds roughly with the Palsearctic 
and Nearctic divisions of the great Arctogieal provinces 
of distribution indicated by mammals and birds ; while 
distinct groups of crayfishes occupy a larger or smaller 
part of the other, namely, the Austro- Columbian, Aus- 
tralian, and Novozelanian primary distributional pro- 
vinces of mammals and birds. Again, the peculiar 
cra3"fishes of Madagascar answer to the special features 
of the rest of the fauna of that island. 

But the North American crayfishes extend much 
further South than the limits of the Nearctic fauna in 
general; while the absence of any group of crayfishes 
in Africa, or in the rest of the old world, south of the 
great Asiatic table -land, forms a strong contrast to the 
general resemblance of the North African and Indian 
fauna to that of the rest of Arctogsea. Again, there is 
no such vast difference between the crayfishes of New 
Zealand, Australia, and South America, as there is 
between the mammals and the birds of those regions. 

It may be concluded, therefore, that the conditions 
which have determined the distribution of crayfishes have 
been very different from those which have governed the 
distribution of mammals and birds. But if we compare 
wuth the distribution of the crayfishes, not that of ter- 
resti-ial animals in general, but only that of freshwater 
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fishes, some very curious points of approximation become 
manifest. The SahnonidcBy or fishes of the salmon and 
trout kind, a few of which are exclusively marine, many 
both marine and freshwater, while others are confined 
to fresh water, are distributed over the northern hemi- 
sphere, in a manner which recalls the distribution of 
the Potamobine crayfishes,* though they do not extend 
so far to the South in the new world, while they go a 
little further, namely, as far as Algeria, Northern Asia 
Minor, and Armenia, in the old world. With the excep- 
tion of the single genus Rctropinna, which inhabits New 
Zealand, no true salmonoid fish occurs south of the 
equator ; but, as Dr. Gunther has pointed out, two 
groups of freshwater fishes, the Ilaplocliiionidai and the 
Galaxida, wdiich stand in somewhat the same relation to 
the SalmonidiV as the Parastacidcc do to the Potamohiidcey 
take the place of the Salmonulm in the fresh waters of 
New Zealand, Australia, and South America. lliere 
are two species of IlaplocUiton in Tierra del Fiiego ; and 
of the closely allied genus Prototroctcs, one species is 
found in South Australia, and one in New Zealand ; of 
the Galaxidce, the same species, Galaxias attennnatus, 
occurs in the streams of New Zealand, Tasmania, the 
Falkland Islands, and Peru. 

Thus, these fish avoid South Africa, as the cra3"fislies 

* According to Dr. GUnther their southern range is similarly limited by 
the Asiatic Highlands. But they abound in the rivers both of the old 
and new worlds which flow into the Arctic sea ; and though those on 



316 DISTRIBUTION AND JETIOLOGY OF^THE CRAYFISHES. 


do ; but I am not aware that any member of the group is 
found in Madagascar, and thus completes the analogy. 

The preservation of the soft parts of animals in the 
fossil state depends upon favourable conditions of rare 
occurrence ; and, in the case of the Crustacea, it is not 
often that one can hope to meet with such small hard 
jiarts as the abdominal members, in a good state of 
preservation. But without recourse to the branchial 
apparatus, and to the abdominal appendages, it might be 
veiy difficult to say whether a given crustacean belonged 
to the Astacine, or to the closely allied Homarine group. 
Of course, if the accompanying fossils indicated that the 
deposit in wliich the remains occur, was of freshwater 
origin, the presumption in favour of their Astacine nature 
would be very strong ; but if tliey were inhabitants of the 
sea, the problem wdietlier the crustacean in question was 
a marine Astacme, or a true Homarine, might be very 
hard to solve. 

Undoubted remains of crayfishes have hitherto been 
discovered only in freshwater strata of late tertiary age. 
In Idaho, North America, Professor Cope * found, in 
association with Mastodon mirificus, and Equus excelsus, 
several species, which he considers to be distinct from 

the western side of the Rocky Mountains are different from the Eastern 
American forms, yet there are species common to both the Asiatic and 
the American coasts of the North Pacific. 

* On three extinct Astaci from the freshwater Tertiary of Idaho. Pro- 
ceedings of the American Philosophical Society, 1SC9-70. 
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the existing American crayfishes; whether they are 
Camhari or Astaci does not appear. But, in the lower 
chalk of Ochtrup, in Westphalia, and therefore in a 
marine deposit. Von der March and Schliiter* have 
obtained a single, somewhat imperfect, specimen of a 
crustacean, which they term Astacus poUtus, and which, 
singularly enough, has the divided telson found only in 
the genus Astacus. It would be very desirable to know 
more about this interesting fossil. For the present it 
afibrds a strong presumption that a marine Potamobine 
existed as far back as the earlier part of the cretaceous 
epoch. 

Such are the more important facts of ^Morphology, 
Physiology, and Distribution, which make up the sum 
of our present knowledge of the Biology of Crayfishes, 
The imperfection of that knowledge, especially as re- 
gards tlie relations between Morphology and Distribution, 
becomes a serious drawback when we attack the final 
problem of Biology, which is to find out why animals 
of such structure and active powers, and so localized, 
exist ? 

It would appear difficult to frame more than two 
fundamental hypotheses in attempting to solve this pro- 
blem. Either we must seek the origin of crayfishes in 
conditions extraneous to the ordinary course of natural 

* Xeiie Fische iind Krebse aus dcr Kreitie von Westphalcn. Palioon- 
tograpliica, Bd. XV., p. o02 ; tab. XLIV., figs. 4 and 5. 
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operations, by wbat is commonly termed Creation; or we 
must seek for it in conditions afforded by tlie usual 
course of nature, when the hj^pothesis assumes some 
shape of the doctrine of Evolution. And there are two 
forms of the latter hypothesis ; for, it may be assumed, 
on the one hand, that crayfishes have come into exist- 
ence, inde];)endently of any other form of living matter, 
which is the hypothesis of spontaneous or equivocal 
generation, or abiogenesis; or, on the other hand, 
we may suppose that crayfishes have resulted from the 
modification of some other form of living matter ; and 
this is what, to borrow a useful word from the French 
language, is known as transformism. 

I do not think that any hypothesis respecting the 
origin of crayfishes can be suggested, which is not 
referable to one or other of these, or to a combination 
of them. 

As regards the liypothcsis of creation, little need be 
said. From a scientific point of view, the adoption of 
this speculation is the same thing as an admission that 
the problem is not susceptible of solution. Moreover, 
the proposition that a given thing has been created, 
whether true or false, is not capable of proof. By 
the nature of the case direct evidence of the fact is 
not obtainable. The only indirect evidence is such 
as amounts to proof that natural agencies are incom- 
petent to cause the existence of the thing in question. 
But such evidence is out of our reach. The most that 
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can be proved, in anj^ case, is that no known natural 
cause is competent to produce a given effect ; and it is 
an obvious blunder to confound the demonstration of our 
own ignorance with a proof of the impotence of natural 
causes. However, apart from the philosophical worth- 
lessness of the hypothesis of creation, it would be a waste 
of time to discuss a view which no one ui)holds. And, 
unless I am greatly mistaken, at the present day, no 
one possessed of knowledge sufficient to give his opinion 
importance is prepared to maintain that the ancestors of 
the various species of crayfish were fabricated out of in- 
organic matter, or brought from nothingness into beingv 
by a creative fiat. 

Our only refuge, therefore, appears to be the hypo- 
thesis of evolution. And, with respect to the doctrine 
of abiogenesis, we ma}’- also, in view of a proper 
economy of labour, postpone its discussion until such 
time as the smallest fragment of evidence that a craj^fish 
can be evolved by natural agencies from not living matter, 
is brought forward. 

In the meanwhile, the hypothesis of transformism 
remains in possession of the field ; and the only in*o- 
fitable inquiry is, how far are the facts susceptible of 
interxiretatioii, on the hjqiothesis that all the existing 
kinds of crayfish are the product of the metamorphosis 
of other forms of living beings ; and that the bio- 
logical phenomena which they exhibit are tlie results 
of the interaction, through jpast time, of two series of 
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factors: the one, a process of morphological and con- 
comitant phj’siological modification ; the other, a process 
of change in the condition of the earth’s surface. 

If we set aside, as not worth serious consideration, the 
assumption that the Astacus torrcntium of Britain was 
originally created apart from the Astacus torrcntium of 
the Continent ; it follows, either that this crayfish has 
passed across the sea by voluntaiy or involuntary migra- 
tion ; or that the Astacus torrcntium existed before the 
English Channel, and spread into England while these 
islands were still continuous with the European main- 
land ; and that the i)resent isolation of the English cray- 
fishes from the members of the same species on the 
Continent is to be accounted for by those changes in the 
physical geography of western Europe which, as there is 
abundant evidence to i)rove, have separated the British 
Islands from the mainland. 

There is no evidence that our crayfish has been 
purposely introduced by human agency into Great 
Britain ; and from the mode of life of crayfish and the 
manner .in which the eggs are carried about by the 
parent during their development, transpoi*t by birds or 
floating timber would seem to be out of the question. 
Again, although Astacus nohilis is said to venture into 
the brackish waters of the Gulf of Finland, and A. lepto- 
dactylus, as we have seen, makes itself at home in the 
more or less salt Caspian, there is no reason to believe 
that Astacvs torrcntium is capable of existing in sea- 
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water, still less of crossing the many miles of sea which 
separate England from even the nearest point of the 
Continent. In fact, the existence of the same kind of 
crayfish on both sides of the Channel appears to be 
only a case of the general tnith, that the Fauna of tlie 
British Islands is identical with a part of that of the 
Continent; and as our foxes, badgers, and moles cer- 
tainly have neither swiun across, nor been transported 
by man, but existed in Britain while it was still con- 
tinuous with western Europe, and have been isolated 
by the subsequent intervention of the sea, so we may 
confidently explain the presence of Astacm torrentium 
by reference to the same operation. 

If we take into account the occurrence of Astacus 
nohilis over so large a part of the area occupied by 
Astacm torrentium ; its absence in the British Islands, 
and in Greece ; and the closer affinity which exists be- 
tween A. nohilis and A, Icjitodactyliis, than between A. 
nohilis and A. torrentium; it seems not improbable that 
Astacus torrentium was the original tenant of the whole 
western European area outside the Ponto-Caspian water- 
shed ; and that A, nohilis is an invading offshoot of the 
Ponto-Caspian or leptodactylus form which has made its 
way into the western rivers in the course of the many 
changes of level which central Europe has undergone ; 
in the same way as A, leptodactylus is now i^assing into 
tlie rivers of the Baltic provinces of Bussia. 

The study of the glacial phenomena of central Europe 

Y 
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has led Sartorius von Waltershausen* to the conclusion 
that at the time when the glaciers of the Alps had a 
much greater extension than at present, a vast mass of 
freshwater extended from the valley of the Danube to 
that of the Rhone, around the nortliem escarpment of the 
Alpine chain, and connected the head-waters of the 
Danube with those of the Rhine, the Rhone, and the 
northern Italian rivers. As the Danube debouches into 
the Black Sea, and this was formerly connected with 
the Aralo-Caspian Sea, an easy passage would thus be 
opened up by which crayfishes might pass from the Aralo- 
Caspian area to western Europe. If they spread by this 
road, the Astacus torrcntium may represent the first wave 
of migration westward, while A. nobilis answers to a 
second, and A. leptodactylm, with its varieties, remains 
as the representative of the old Aralo-Casiuan crayfishes. 
And thus the crayfishes would present a curious parallel 
with the Iberian, Aryan, and Mongoloid streams of west- 
ward movement among mankind. 

If we thus suppose the western Eurasiatic crayfishes 
to be simply varieties of a primitive Aralo-Caspian stock, 
their limitation to the south by the Mediterranean and by 
the great Asiatic highlands becomes easily intelligible. 

The extremely severe climatal conditions which obtain 
in northern Siberia may sufficiently account for the 

•“UnterBUchungen ueber dieKlimate derGegenwartimdderVorwelt.” 
Natuurkundige Yerhandelmgen van de Hollandsche Maatschappij der 
WetenBchappen te Haarlem, 18G5. 
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absence of cra 5 ^fislies (if tlie}’^ are really absent) in the 
rivers Obi, Yenisei, and Lena, and in the great late 
Baikal, which lies more than 1,300 feet above the sea, 
and is frozen over from November to May. Moreover, 
there can be no doubt that, at a comx^aratively recent 
period, the whole of this region, from the Baltic to the 
mouth of the Lena, was submerged beneath a southward 
extension of the waters of the Arctic ocean to the Aralo- 
Caspian Sea and Lake Baikal, and a westward extension 
to the Gulf of Finland. 

The great lakes and inland seas which stretch, at 
intervals, from Baikal, on the east, to Wenner in Sweden, 
on the west, are simply pools, isolated partly by the rising 
of the ancient sea-bottom and paii.ly by evaporation; and 
often completely converted into fresh water by the inflow 
of the surrounding land-drainage. But the jiopulation 
of these pools was originally the same as that of the 
Northern Ocean, and a few species of marine crustaceans, 
mollusks, and fish, besides seals, remain in them as 
living evidences of the great change w hich has taken place. 
The same process which, as we shall see, has isolated 
the Mysis of the Arctic seas in the lakes of Sweden and 
Finland, has shut up with it other arctic marine Crustacea, 
such as species of Gammarus and Idothea. And the very 
same species of Gammarus is imprisoned, along with 
arctic seals, in the waters of Lake Baikal. 

The distribution of the American crayfishes agrees 
equally well with the hypothesis of the northern origin of 
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the stock from which tliej' have been evolved. Even 
under existing geographical conditions, an affluent of the 
Mississippi, tlie St. Peter’s river, communicates directly, 
in i-ainy weather, witli the Ped river, which flows into 
Lake "NVinnipeg, the southenimost of the long series of 
intercommunicating lakes and streams, which occupy the 
low and flat water-parting between the southern and the 
northern watersheds of the North American Continent. 
But the northernmost of these, the Great Slave Lake, 
empties itself by the Mackenzie river into the Arctic 
Ocean, and thus provides a route by which crayfishes 
might spread from the north over all parts of North 
America east of the Eocky Mountains. 

The so-called Eocky Mountain range is, in reality, an 
immense table-land, the edges of which are fringed by two 
principal lines of mountainous elevations. The table- 
land itself occupies the place of a great north and south 
depression which, in the cretaceous epoch, vras occupied by 
the sea and probably communicated with the ocean at its 
northern, as well as at its southern end. During and 
since this epoch it became gradually filled up, and it 
now contains an immense thickness of deposits of all 
ages from the cretaceous to the pliocene — the earlier 
marine, the later more and more completely freshwater. 
During the tertiary epoch, various portions of this area 
have been occupied by vast lakes, the more northern of 
which doubtless had outlets into the Northern sea. That 
crayfish existed in the vicinity of the Eocky Mountains 
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in the latter part of the tertiary epoch is testified by the 
Idaho fossils. And there is thus no diflSculty in under- 
standing their presence in the rivers which have now cut 
their way to the Pacific coast. 

The similarity of the crayfish of the Amurland and of 
Japan is a fact of the same order as the identity of the 
English crayfish with the Astams torrentium of the Euro- 
pean Continent, and is to be explained in an analogous 
fashion. For there can be no doubt that the Asiatic 
continent formerly extended much further to the east- 
ward than it does at present, and included what are now 
the islands of Japan. Even with this alteration of the 
geographical conditions, however, it is not easy to see 
how crayfishes can have got into the Amur-Japanese 
fresh waters. For a north-eastern prolongation of the 
Asiatic highlands, which ends to the north in the Sta- 
novoi range, shuts in the Amur basin on the west ; while 
the Amur debouches into the sea of Okhotsk, and the 
Pacific ocean washes the shores of the Japanese islands. 

But there are many grounds for the conclusion that, in 
the latter half of the tertiary epoch, eastern Asia and 
North America were connected, and that the chain of the 
Kurile and Aleutian islands may indicate the position of 
a great extent of submerged land. In that case, the sea 
of Okhotsk and Behring’s sea may occupy the site of 
inland waters which formerly placed the mouth of the 
Amur in direct communication with the Northern Ocean, 
just as the Black Sea, at present, brings the basin of the 



326 DISTIUBUTION AND AETIOLOGY OF THE CRAYFISHES. 


Danube into connection, first with the Mediterranean and 
then with the western Atlantic ; and, as in former times, 
it gave access from the south to the vast area now 
drained by the Volga. When the Black Sea communi- 
cated with the Aralo-Caspian sea, and this opened to 
the noitli into the Arctic sea, a chain of great inland 
waters must have skirted the eastern frontier of Europe, 
just such as would now lie on the eastern frontier of Asia 
if the ])resent coast underwent elevation. 

Supposing, Jiowever, that the ancestral forms of the 
Potamobiidce obtained access to the river basins in which 
they aie now found, from the north, the hypothesis that 
a mass of fresh water once occupied a great part of the 
region which is now Siberia and the Arctic Ocean, would 
be hardly tenable, and it is, in fact, wholly unnecessary 
for our present purpose. 

The vast majority of the stalk-eyed crustaceans are, and 
always have been, exclusively marine animals ; the cray- 
fishes, the Atuidcc, and the fluviatile crabs (Thelplmsida), 
being the only considerable groups among them which 
habitually confine themselves to fresh waters. But 
even in such a genus as Penceus, most of the species 
of which are exclusively marine, some, such as Penceus 
hmsiliensis, ascend rivers for long distances. More- 
over, there are cases in which it cannot be doubted 
that the descendants of marine Crustacea have gradually 
accustomed themselves to fresh water conditions, and 
have, at the same time, become more or less modified, 
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SO that they are no longer absolutely identical with those 
descendants of their ancestors which have continued to 
live in the sea.* 

In several of the lakes of Norway, Sweden and 
Finland, and in Lake Ladoga, in Northern Europe ; in 
Lake Superior and Lake Michigan, in North America; 
a small crustacean, Mysis rclicta, occurs in such abund- 
ance as to furnish a great part of the supi)ly of food to 
the fresh water fishes which inhabit these lakes. Now, 
this Mysis rclicta is hardl}’' distinguishable from the 
My sis oculata which inhabits the Arctic seas, and is 
certainly nothing but a slight variety of that species. 

In the case of the lakes of Norway and Sweden, there 
is independent evidence that they formerly communicated 
with the Baltic, and were, in fact, fiords or arms of the 
sea. The communication of these fiords with the sea 
having been gradually cut off, the marine animals they 
contained have been imprisoned ; and as the water has 
been slowly changed from salt to fresh by the drainage 
of the surrounding land, only those which were able to 
withstand the altered conditions have survived. Among 
these is the Mysis oetdata, which has in the meanwhile 
undergone tlie slight variation which has converted it 
into Mysis rclicta. Whether the same explanation ap- 

* See on this interesting* subject; Martens, “On the occurrence of 
marine animal forms in fresh wat er/’ Annals of Natural History, 1 858 : 
Lov^n. “ Ueber einige im Wetter und W'^ener See gef undene Crustaceen.” 
Halle Zeitschrift fiir die Gesammten AVissenschaften, xix., 1802 ; G. O. 
Sars, “Histoire Naturclle des Crustaces d’eau douce de Norvege,” 1867. 
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plies to Lakes Superior and Michigan, or whether the 
Mysia oculata has not passed into these masses of fresh 
water by channels of communication with the Arctic 
Ocean which no longer exist, is a secondary question. 
The fact remains that Mysis relicta is a primitively 
marine animal which has become completely adapted to 
fresh-water life. 

Several species of i)ra\vns {Pahcmon) abound in our 
own seas. Other marine prawns are found on the coasts 
of North America, in the Mediterranean, in the South 
Atlantic and Indian Oceans, and in the Pacific as far 
south as New Zealand. But species of the same genus 
(PdUsmon) are met with, living altogetlier in fresh water, 
in Lake Erie, in the rivers of Florida, in the Ohio, in 
the rivers of the Gulf of Mexico, of the West India 
Islands and of eastern South America, as far as southern 
Brazil, if not further ; in those of Chili and those of 
Costa Eica in western South America ; in the Upper 
Nile, in West Africa, in Natal, in the Islands of Johanna, 
Mauritius, and Bourbon, in the Ganges, in the Molucca 
and Philippine Islands, and probably elsewhere. 

Many of these fluviatile prawns differ from the marine 
species not only in their great size (some attaining a foot 
or more in length), but still more remarkably in the vast 
development of the fifth i)air of thoracic appendages. 
These are always larger than the slender fourth pair 
(which answer to the forceps of the crayfishes) ; and, in 
the males especially, they are veiy long and strong, and 




Fig. 70. Puhvtnon jamalvcnais (about f nat. size). A, female; 
By fifth thoracic appendage of male. 

the fact that there are only three pair of ordinary legs 
behind the largest, forceps-like pair, is sufficient at once 
to distinguish them from any of the Astacidee. 

Species of these large - clawed prawns live in the 
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brackish water lagoons of the Gulf of Mexico, but I 
am not aware that anj’’ of them have yet been met with 
in the sea itself. The Palccmon laciistris (Anchistia 
migratona, Heller) abounds in fresh-water ditches and 
canals between Padua and Venice, and in the Lago di 
Garda, as well as in the brooks of Dalmatia; but its 
occurrence in the Adriatic or the Mediterranean, which 
has been asserted, appears to be doubtful. So the Nile 
prawn, though very similar to some Mediterranean 
prawns, does not seem to be identical with any at 
present known.* 

In all these cases, it appears reasonable to apply the 
analogj^ of the Mijsis relicta, and to suppose that the 
fluviatile prawns are simply the result of the adaptive 
modification of species which, like their congeners, were 
primitively marine. 

But if the existing sea prawns were to die out, or to 
be beaten in the struggle for existence, we should have, 
scattered over the world in isolated river basins, more 
or less distinct species of freshwater prawns, t the areas 
inhabited by which might hereafter be indefinitely en- 
larged or diminished, by alteration in the elevation of the 

* Heller, “Die Crustaceen des Biidlichen Europas,” p. 259. Klunzinger, 
“Ueber eine Susswasscr-crustacec im Nil,” with the notes by von Mar- 
tens and von Siebold: Zeitschrift fur Wissenscliaftliche Zoologie, 18GG. 

f This seems actually to have happened in the case of the widely- 
spread allies and companions of the fluviatile prawns, At ssid Cari- 
fUna. 1 am not aware that truly marine speeies of these genera .ore 
known. 
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land and by other changes in physical geography. And, 
indeed, under these circumstances, the freshwater prawns 
themselves might become so much modified, that, even if 
the descendants of their ancestors remained unchanged 
in structure and habits in the sea, the relationsliii) of the 
two might no longer be obvious. 

These considerations appear to me to indicate the di- 
rection in which we must look for a rational exiilanation 
of the origin of crayfishes and their present distribution. 

I have no doubt that they are derived from ancestors 
which lived altogether in the sea, as the great majority of 
the Mysida and many of the prawns do now ; and that, of 
these ancestral crayfishes, there were some which, like 
Mysis oculata or Penceus brasiliensis, readily adapted them- 
selves to fresh water conditions, ascended rivers, and took 
jiossession of lakes. These, more or less modified, have 
given rise to the existing crayfishes, while the primitive 
stock would seem to have vanished. At any rate, at the 
present time, no marine crustacean with the characters 
of the Astacidce is known. 

As crayfishes have been found in the later tertiaries 
of North America, we shall hardly err in dating the 
existence of these marine crayfishes at least as far back 
as the miocene epoch ; and I am disposed to think that, 
during the earlier tertiary and later mesozoic periods, 
these Crustacea not only had as wide a distribution as 
the Prawns and Pencei Lave now, but vrere diiferentiated 
into two groups, one wdth the general characters of the 
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Potamohiidce in the northern hemisphere, and another, 
witli those of the ParastacidcCy in the southern hemisphere. 

The ancestral Potamohine form probably presented 
the peculiarities of the Potamohiidce in a less marked 
degree than any existing species does. Probably the 
four pleurobranchia) were all equall}’^ well developed ; the 
laminte of the podobranchice smaller and less distinct 
from the stem ; the first and second abdominal appen- 
dages less specialised ; and the telson less distinctly 
divided. So far as the t3q3e was less specially Pota- 
niobine, it must have approached the common form in 
which Homarus and Nephrops originated. And it is 
to be remarked that these also are exclusively confined 
to the northern hemisplierc. 

The wide range and close affinity of the genera 
Astaciis and Cambarus appear to me to necessitate the 
supposition that they are derived from some one already 
specialised Potamohine foim ; and I have already men- 
tioned the grounds upon which I am disposed to believe 
that this ancestral Potamohine existed in the sea which 
lay north of the miocene continent in the northern 
hemisphere. 

In the marine primitive crayfishes south of the equator, 
the branchial apparatus appears to have suffered less 
modification, while the suppression of the first abdominal 
appendages, in both sexes, has its analogue among the 
Palinwridcey the headquarters of which are in the 
southern hemisphere. That they should have ascended 
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the rivers of New Zealand, Australia, Madagascar, and 
South America, and become fresh water ParastaciHay is 
an assumption which is justified by the analogy of the 
fresh-water prawns. It remains to be seen whether 
marine Parastacidce still remain in the South Pacific 
and Atlantic Oceans, or whether they have become 
extinct. 

In speculating upon the causes of an effect which is 
the product of several co-operating factors, the nature 
of each of which has to be divined hy reasoning back- 
wards from its effects, the probability of falling into 
error is veiy great. And this probability is enhanced 
when, as in the present case, the effect in (luestion 
consists of a multitude of phenomena of structure and 
distribution about which much is yet imperfectly known. 
Hence the preceding discussion must rather be regarded 
as an illustration of the sort of argumentation by which 
a completely satisfactory theory of the aitiology of the 
crayfish will some day be established, than as sufficing 
to construct such a theor}\ It must be admitted that 
it does not account for the whole of the positive facts 
which have been ascertained; and that it requires sup- 
plementing, in order to furnish even a i^lausible exjilana- 
tion of various negative facts. 

The positive fact which ju’esents a difficulty is the 
closer resemblance between the Amur- Japanese crayfish 
and the East American Camhari, than between the 
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latter and the West American Astaci; and the closer 
resemblance between the latter and the Pontocaspian 
crayfish, than either bear to the Amur-Japanese form. 
If the facts had been the other way, and the West 
American and Amur- Japanese crayfish had changed 
places, the case would have been intelligible enough. 
The primitive Potamobine stock might then have been 
supposed to have differentiated itself into a western 
astacoid, and an eastern cambaroid form ; * the latter 
would have ascended the American, and the former the 
Asiatic rivers. As the matter stands, I do not see that 
any jDlausible explanation can be offered without recourse 
to suppositions respecting a former more direct com- 
munication between the mouth of the Amur, and that 
of the North American rivers, in favour of which no 
definite evidence can be offered at iiresent. 

The most important negative fact which remains to 
be accounted for is the absence of crayfishes in the 
rivers of a large moiety of the continental lands, and in 
numerous islands. Differences of climatal conditions are 
obviously inadequate to account for the absence of craj’^- 
fishes in Jamaica, when they are present in Cuba ; for 
their absence in Mozambique, and the islands of Johanna 
and Mauritius, when they are present in Madagascar; 
and for their absence in the Nile, when they exist in 
Guatemala. 

* Just as there is an American form of Idotlwa and an Asiatic form 
in the Arctic ocean at the present day. 
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At present, I confess that I do not see my way to a 
perfectly satisfactory explanation of the absence of cray- 
fishes in so many parts of the world in which they 
might, A iwiori, be exi^ected to exist ; and I can onty 
suggest the directions in which an explanation may be 
sought. 

The first of these is the existence of physical obstacles 
to the spread of crayfishes, at the time at which the 
Potamohine and the Parastacine stocks respectively began 
to take possession of the rivers, some of which have 
now ceased to exist ; and the second is the probability 
that, in many rivers which have been accessible to cray- 
fishes, the ground was already held by more powerful 
competitors. 

If the ancestors of the Potamohine crayfishes originated 
only among those primitive crayfishes which inhabited the 
seas north of the miocene continent, their present limita- 
tion to the south, in the old world, is as easily intelligible 
as is their extension southward, in the course of the river 
basins of Northern America as far as Guatemala, but 
no further. For the elevation of the Eurasiatic high- 
lands had commenced in the miocene epoch, while the 
isthmus of Panama was interrupted by the sea. 

With respect to the Southern hemisphere, the absence 
of crayfishes in Mauritius and in the islands of the Indian 
Ocean, though they occur in Madagascar, may be due 
to the fact that the former islands are of comparatively 
late volcanic origin ; while Madagascar is the remnant of 
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a very ancient continental area, the oldest indigenous 
population of which, in all probability, is directly de- 
scended from that which occupied it at the begimiing 
of the tertiary epoch. If Parastacine Crustacea inhabited 
the southem liemi sphere at this period, and subsequently 
became extinct as marine animals, their 2)rcservation in 
the freshwaters of Australia, New Zealand, and the older 
portions of South America may be understood. The 
difficulty of the absence of crayfishes in South Africa * 
remains ; and all that can be said is, that it is a difficulty 
of the same nature as that which confronts us when we 
compare the fauna of South Africa in general with that 
of Madagascar. The population of the latter region has 
a more ancient aspect than that of the former; and it 
may be that South Africa, in its present shape, is of very 
much later date than Madagascar. 

With respect to the second point for consideration, it 
is to be remarked that, in the temperate regions of the 
world, the cra3ffishcs are by far the largest and strongest 
of any of the inhabitants of freshwater, except the Vertc- 
hrata; and that while frogs and the like fall an easy prey 
to them, they must be formidable enemies and com- 
petitors even to fishes, aquatic reptiles, and the smaller 
aquatic mammals. In warm climates, however, not only 
the large prawns which have been mentioned, but Atyce 

* But it must be remembered that we have as yet everything to leam 
respecting the fauna of the great inland lakes and river systems of 
South Africa. 
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and fluviatile ci’abs (TAcZp/msa) compete for the j^osses- 
sion of the freshwaters ; and it is not improbable that 
under some circumstances, they may be more than a 
match for crayfishes; so that the latter might either be 
driven out of territory they already occupied, as Astaciis 
leptodactylus is driving out A, nohilis in the llussiaa 
rivers; or might be prevented from entering rivers already 
tenanted b}’’ their rivals. 

In connection with this speculation, it is worthy of 
remark that the area occupied by the fluviatile crabs is 
very nearly the same as that zone of the earth^s surface 
from which crayfish are excluded, or in which they are 
scanty. That is to say, they are found in the hotter 
paits of the eastern side of the two Americas, the West 
Indies, Africa, Madagascar, Southern Italy, Turkey and 
■Greece, Hindostan, Burmah, China, Japan, and the 
Sandwich Islands. The large-clawed fiiiviatile i)rawns 
are found in the same regions of America, on both 
east and west coasts, in Africa, Southern Asia, the 
Moluccas, and the Philippine Islands ; while the Atyidce 
not onl}’' cover the same area, but reach Japan, extend 
over Polynesia, to the Sandwfch Islands, on the noiih, 
and New Zealand, on the south, and are found on both 
shores of the Mediterranean; a blind form (Troglocaris 
Schmidtii)y in the Adelsberg caves, representing the bluid 
4Jamharm of the caves of Kentucky. 

The hypothesis respecting the origin of crayfishes 
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which has been tentative^ put forward in the preceding 
pages, involves the assumption tliat marine Crustacea of 
the astacine tyi)e were in existence during the deposition 
of the middle tertiaiy formations, when the great con- 
tinents began to assume their present shape. That 
such was the case there can be no doubt, inasmuch as 
abundant remains of Crustacea of that type occur still 
earlier in the mesozoic rocks. They prove the existence 
of ancient crustaceans, from which the crayfishes may have 
been derived, at that period of the eaiih’s history wdieu 
the conformation of the land and sea were such as to 
admit of their entering the regions in which we now find 
them. 

The materials which have, up to the present, time been 
collected are too scanty to permit of the tracing out of all 
the details of the genealogy of the cra3’’fish. Nevertheless, 
the evidence which exists is perfectly clear, as far as it 
goes, and is in complete accordance with the require- 
ments of the doctrine of evolution. 

Mention has been made of the close affinity between 
the crayfishes and the lobsters — the Astacina and the Ho- 
marina ; and it fortunately hapj)ens that these two groups, 
w'hich may be included under the common name of the 
AstacoinorphOf are readily distinguishable from all the 
other Podophthalmia by peculiarities of their exoskeleton 
wliich Jire readily seen in all well-preserved fossils. 
In all, as in the crayfish, there are large forceps, fol- 
lowed by two pairs of chelate ambulatory limbs, while 
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the succeeding two pairs of legs are terminated by simple 
claws. The exopodite of the last abdominal appendage 
is divided into two parts by a transverse suture. The 
pleura of the second abdominal somite are larger than 
the others, and overlap) those of the first somite, 
which are very small. Any fossil crustacean which 
presents all these characters, is certainly one of the 
Astacomorpha. 

The Astacina, again, are distinguished from the Iloma- 
rina by the mobility of the last thoracic somite, and the 
chai-acters of the first and second abdominal appendages, 
when they are present ; or by their entire absence. 
But it is so difficult to make out anything about either 
of these characters in fossils, that, so far as I am aware, 
we know nothing about them in any fossil Astacomoi’ph. 
And hence, it may be impossible to say to which division 
any given form belongs, unless its resemblances to 
known types are so minute and so close as to remove 
doubt. 

For the present purpose, the series of the fossiliferous 
rocks may be grouped as follows : — 1. Recent and 
Quaternary. 2. Newer Tertiary (Pliocene and Miocene). 
3. Older Tertiary (Eocene). 4. Cretaceous (Chalk, 
Greensand and Gault), o. Wealden. 6. Jurassic (Pur- 
beck to Inferior Oolite). 7. Liassic. 8. Triassic. 9. 
Permian. 10. Carboniferous. 11. Devonian. 12. 
Silurian. 13. Cajnbrian. 

Now the oldest known member of the group of the 

z 2 
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decapod Podophthdmia to which the A&tacomorpha belong 
occurs in the Carboniferous formation. It is the genus 
Anthrapalcemon — a small and very curious crustacean, 
about which nothing more need be said at present, as it 
does not appear to have special affinities with the Astaco- 
morpha. In the later formations, up to the top of the 
Trias, podophthalmatous Crustacea are very rare ; and, 
unless the Triassic genus Pemphix is an exception, no 
Astacomorphs are known to occur in them. The speci- 
mens of Pemphix which I have examined ai’e not suffi- 
ciently complete to enable me to express any opinion 
about them. 

The case is altered when we reach the Middle Lias. In 
fact this yields several fonns of a genus, Eryma (fig. 80, B), 
which also occurs in the overlying strata almost up to the 
top of the Jurassic series, and presents so many variations 
that nearly forty different species have been recognised. 
Eryma is, in all respects, an Astacomorph, arid so far as 
can be seen, it differs from the existing genera only 
in such respects as those in wdiich they differ from 
one another. Thus it is quite certain that Astacomor- 
phous Crustacea liave existed since a period so remote 
as the older part of the Mesozoic period ; and any hesi- 
tation in admitting this singular persistency of tyi)e on 
the part of the crayfishes, is at once removed by tlie 
consideration of the fact that, along with Eryma, in the 
Middle Lias, prawn-like Crustacea, generically iden- 
tical witli the existing Penccus, flourished in tlie sea 
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and left their remains in the mud of the ancient sea 
bottom. 

Eryma is the only crustacean, which can be certainly 
ascribed to the Astacomoiyha, that has hitherto been 
found in ths strata from the Middle Lias to the litho- 
graphic slates ; which last lie in the upper part of the 
Jurassic series. In the freshwater beds of the Wealden, 
no Astacomorjjha are known, and although no very great 



Fig. 81. — Iloploparla lonffimana (| nat. size). — r/;, carapace; 
r, xostmm, T, telson ; xv., xvi., first and second abdominal somites ; 
10, forceps ; 20, last abdominal appendage. 


weight is to be attached to a negative fact of this kind, it 
is, so far, evidence that the Astacoinorpha had not yet 
taken to freshwater life. In the marine deposits of the 
Cretaceous epoch, however, astacomorphous forms, which 
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are known by the generic names of Hoploparia and 
Enoplodytia^ are abundant. 

The differences between these two genera, and between 
both and Eryina, are altogether insignificant from a broad 
morphological point of view. They appear to me to be 
of less importance than those which obtain between the 
different existing genera of crayfishes. 

Hoploparia is found in the London clay. It therefore 
extends beyond the bounds of the Mesozoic epoch into 
the older Tertiary. But when this genus is compared 
with the existing Hoinarxis and Neplirops, it is found 
partly to resemble the one and i)artly the other. Thus, 
on one line, the actual series of forms which have 
succeeded one another from the Liassic epoch to the 
present day, is such as must have existed if the common 
lobster and the Norway lobster are the descendants of 
Erymolil crustaceans which inhabited the seas of the 
Liassic epoch. 

Side by side with Eryma^ in the lithogi’aphic slates, 
there is a genus, Pseiulastacxis (fig. 80, A), wdiich, as its 
name implies, has an extraordinarily close resemblance to 
the crayfishes of the present da}^ Indeed there is no point 
of any importance in which (in the absence of any know- 
ledge of the abdominal appendages in the males) it differs 
from them. On the other hand, in some features, as in the 
structure of the carapace, it differs from Erynia, much 
as the existing cra}’fishes differ from Neplirops. Thus, in 
the latter part of the Jurassic epoch, the Astacine type 
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-was already distinct from the Homarine type, though 
both were marine ; and, since Eryma begins at least 
as early as the Middle Lias, it is possible that Pseudas- 
tams goes back as far, and that the common protas- 
tacine form is to be sought in the Trias. Pseudastaciis 
is found in the marine cretaceous rocks of the Leba- 
non, but has not yet been ti-aced into the Teiiiary 
formations. 

I am disposed to think that Pscitdogtacas is comparable 
to such a form as Astacus nigretcens rather than to any* 
of the Para8tacid<e, as I doubt the existence of tlie latter 
group at any time in northern latitudes. 

In the chalk of Westphalia (also a marine deposit) a 
single specimen of another Astacomorph has been dis- 
covered, which possesses an especial interest as it is 
a true Astacus {A. polittis, Von der Marck and Schliiter), 
provided witli tlie characteristic transversely divided 
telson which is found in the majority of the Pota- 
mohiuhe. 

If we aiTange the results of palajontological inquiry 
which have now been stated in the form of a table 
such as that which is given on the following page, 
the significance of the succession of astacomoiphous 
forms, in time, becomes apparent. 
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Successive Forms of the Astacomorphous Type. 

1. Rcocnt. PotamfUnulcB. llnmrtrhm. PeTKnts. 



VIII. Triiissic. 

IX. Permian. 

X. Carlionifcrous. Avihraintltntmi 

XI, Devonian. 

XII. Silurian. 

XIII. Cambrian. 


If an Astacomorphous crustacean, having characters 
intermediate between tliose of Eryma and those of 
Pseudastaciis, existed in the Triassic epoch or earlier; 
if it gradually diverged into Pseudastacine and Erjonoid 
forms; if these again took on Astacine and Homarine 
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characters, and finally ended in the existing PotainoUida 
and Ilowarina, the fossil forms left in the track of this 
process of evolution would he very much what they 
actually are. Up to the end of the Mesozoic epoch 
the only known Potamohiidm are marine animals. And 
we have already seen that the facts of distribution 
suggest the hypothesis that they must have been so, 
at least up to this time. 

Thus, with respect to the iEtiology of the crayfishes, 
all the known facts are in harmony with the requirements 
of the hjqmthesis that they have been gradually evolved 
in the course of the Mesozoic and subsequent epochs 
of the world’s history from a primitive Astacomorphous 
form. 

And it is well to reflect that the only alternative sup- 
position is, that these numerous successive and coexistent 
forms of insignificant animals, the difierences of which 
require careful study for their discrimination, have been 
separately and independently fabricated, and put into the 
localities in which we find them. By whatever verbal fog 
the question at issue may be hidden, this is the real 
nature of tlie dilemma presented to us not only by the 
cra3^fish, but by every animal and by every plant ; from 
man to the humblest animalcule; from the spreading 
beech and towering pine to the Micrococci which lie at 
the limit of microscopic visibility. 
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Note 1., Chapter I., p. 17. 

THE CHEMICAL COMPOSITION OP THE EXOSKELETON. 

The harder parts of the cxoshcleton of the crayfish contain rather 
more than half their weijj:ht of calcareous salts. Of these nearly 
seven-eighths consist of carbonate of lime, the rest being phosphate of 
lime. 

The animal matter consists for the most jiart of a peculiar substance 
termed Chilhi^ which enters into the composition of the hard parts not 
only of the Arthropoda in general but of many other invertebrated 
animals. Chitin is not dissolved even by hot caustic alkalies, whence 
the use of solutions of caustic potash and soda in cleaning the skeletons 
of crayfishes. It is soluble in cold concentrated hydrochloric acid with- 
out change, and may be prceipitate<l from its solution by the addition of 
water. 

Chitin contains nitrogen, and according to the latest investigations 
(Ledderhose, ** Ueber Chitin und seine Spaltungs-produkle ; ” Zeitschiift 
fiir Physiologische Chemic, II. 1870) its composition is represented by the 
foimula ^15 ^20 


Note IL, Chapter I., p. 20. 

THE CPvAB S EYES, OR GASTROLITHS. 

The “ Gastroliths,” as the “ crab’s eyes ” ma 3 ’' be teniicd, arc found 
fully developed only in the latter jiart of the summer season, just before 
eedysis sets in. They then give rise to rounded prominences, one on 
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side of the anterior part of the cardiac division of the stomach. The 
proper wall of the stomach is continued over the outer surface of the 
prominence ; and, in fact, forms the outer waU of the chamber in which 
the pastrolith is contained, the inner wall being formed by the cuti- 
cular lining of the stomach. When the outer wall is cut through, it is 
readily detached from the convex outer surface of the gastrolith, with 
which it is in close contact. The inner surface of the gastrolith is usually 
flat or slightly concave. Sometimes it is strongly adherent to the chi- 
tonous cuticula ; but when fully formed it is readily detached fi*o;a the 
latter. Thus the ])roi)CT wall of the stomach invests only the outer face 
of the gastrolith, the inner face of which is adherent to, or at any rate in 
close contact with, the cuticula. Tlie gastrolith is by no means a mere 
concretion, but is a cuticular growth, having a definite structure. Its 
inner surface is smooth, but the outer surface is rough, from the 2)rojec- 
tion of irregular ridges which form a kind of meshwork. A vertical sec- 
tion shows that it is composed of thin superimposed layers, of which the 
inner arc parallel with the flat inner surface, wdiile the outer becomes 
gradually coiiccntric with the outer surface. Moreover, the inner layers 
are less calcified than the outer, the projections of the outer surface being 
particularly dense and hard. In fact, the gastroliths are very similar to 
other hard parts of the exoskelcton in structure, except that the densest 
layers arc nearest the epithelial substratum, instead of furthest away 
from it. 

When cedysis occurs, the gastroliths arc cast off along with the gas- 
tric armature in general, into the cavity of the stomach, and arc there 
dissolved, a new cuticle being formed external to them from the proper 
wall of the stomach. The dissolved calcareous matter is probably used 
up in the formation of the new exoskelcton. 

Accordiiig to the observations of 3^1. Chantran (Comptes Rendus, 
LXXVIII. 1874) the gastroliths begin to be formed about forty days 
before cedysis takes place in crayfish of four years’ old ; but the 
interval is lees in younger crayfish, and is not more than ten days 
during the first year after birth. When shed into the stomach during 
cedysis they are ground down, not merely dissolved. The process 
of destruction and nbsori)ti()n takes twenty-fijur to thirty hours 
in very young crayfish, seventy to eighty hours in adults. Unless 
the gastroliths are normally developed and re-absorbed, cedysis is 
not healthily effected, and the crayfish dies in the course of the 
process. 
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Accorclin" to Bulk ( “Chemiscbo Untcrsnchun" derKrebsteine:” MUllcr’s 
Archiv. 1835), tbe gastroliths have the following composition : — 

Animal matter soluble in water .... 11*4.3 

Animal matter insoluble in water (probably cbitin) 4*33 

Phospbate of lime IS’OO 

Carbonate of lime C8*l<> 

Soda reckoned as carbonate • • • • .1*41 

1)S*‘)3 

The proportion of mineral to animal matter and of phosphate to car- 
bonate of lime is tbcrefoi'e greater in the gastroliths than in the exo- 
skeleton in general. 


Note III., CiiArTER L, p. 31, 

GllOAVTH OF CRAYFISH. 

The statements in the text, after the wrords “ By the end of the year,” 
regarding the sizes of the crawfish at different ages, .arc given on the 
authority of M. Carboniiicr (L’Ecrcvisse. Paris, 18fi9) ; but they obviously 
apply only to the large “Ecrevisse h. pieds rouges” of France, and not to 
the English crayfish, which appeiu’s to be identical with the “ Ecrevisse 
ii pieds blancs,” and is of much smaller size. According to Caj’bonnier 
(1. c. p. 51), the young crayfish just born is “ un centimetre ct demi 
environ,” that is to say, three-fifths of an inch long. The young of the 
English crayfish still attached to the motlicr, which I have seen, rarely 
exceeds hjxlf this length. 

M. Soubciran (“ Sur Phistoirc naturclle et Peducation des ficrevisses:” 
Comi)tes Rendus, LX. 18(55) gives the result of his study of the growth 
of the crayfishes reared at Claircfontainc, near Rambouillet, in the 
following table : 


Cr.'iyfish of the year • 

Menu length. 
Mutie.8. 

. 0*025 

Mean weight. 
Grammes. 

. . 0*50 

fi 

1 year old 

. 0*050 

. . 1*50 

•» 

2 3 »^ears old 

. 0*070 

• • 3*50 


3 years „ 

. O'OOO 

, • ()*5() 

!» 

4 3'e.nrs „ 

. 0*110 

. . 17*50 

. »» 

5 yeiirs 

. 0*125 

. . 18*50 


indeterminate . 

OICO 

30*00 

•» 

very old 

0100 

. 125*00 

These observations must also ap 2 )ly to the “ Ecrevisse a pieds rouges.’ 



Note IV., CnAPT7i:n I, p. 37. 

THE ECDYSES OF CKAYFISHES. 

There is a good deal of discrepancy between different observers as to 
the frequency of the process of eedysis iu crayfishes. In the text I have 
f )llowed M. Carbonnier, but M. Chantran (“ Observations siir Thistoii’c 
iMiturelle des Ecrevisscs : ” Comptes Rendus, LXXI. 1870, and LXXIII. 
1871),. wlio appears to have studied the question (on the “6crevisso 
a pieds rouges” apparently) vciy carefully, declares that the young 
crayfish moults no fewer than eight times in the course of the first twelve 
months. The first moult takes place ten days after it is hatched ; the 
second, third, fourth, and fifth, at intervals of from twenty to twenty-five 
days, so that the young animal moults five limes in the course of the 
ninety to one hundred days of July, August, and September. From the 
latter month to the end of April in the following year, no eedysis takes 
place. The sixth takes place in May, the seventh in June, and the eighth 
in July. In the secoiul year of its age, the crayfish moults five times, that 
is to say, in August and in September, and in May, June, and July 
following. In the third year, the crayfish commonly moults only twice, 
namely in July and in September. At a greater age than this, the 
females moult only once a year, from August to September ; while the 
males moult twice, first in June and Jul}’^ ; afterwards in August and 
September. 

The details of the process of eedysis arc discussed by Braun, “ Ueber 
die liistologibcheii Vorgiingc bei der Hiiutung von Astacus fiLiviatilis,'^ 
Wiirzburg Arbeitcn, Bd. II. 


Note V., Chapteii L, p. 39. 

REPRODUCTION IN CRAYFISHES. 

The males are said to ppproach the females in November, December, 
and January, in the case of the French crayfishes. In England they 
certainly begin as early as the beginning of October, if not earlier. 
According to M. Chantran (Comptes Rendus, 1870), and M. Gerbc 
(Comptes Rendus, 1838), the male seizes the female with his pincers, 
throws her on her back, and deposits the spermatic matter, firstly, on the 
external plates of the caudal fin ; secondly, on the thoracic sterna around 
the external openings of the oviducts. During this operation, the 
appendages of the two first abdominal somites are canied backwards. 
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the extremities of the posterior pair are inclosed in the groove of the 
anterior pair ; and the end of the vas deferens becoming everted and 
prominent, the seminal matter is poured out, and runs slowly along the 
groove of the anterior appendage to its destination, where it hardens and 
ausKumes a vermicular aspect. The filaments of which it is composed are, 
in fact, tubular spermatophorcs, and consist of a tough case or sheath 
filled with seminal matter. The spoon-shaped extremity of the second 
abdominal appendage, working backwards and forwards in the groove 
of the anterior appendage, clears the seminal matter out of it, and 
prevents it from becoming choked. 

After an interval which varies from ten to forty-five days, ovipositiou 
takes place. The female, resting on her back, bends the end of the 
abdomen forward over the hinder thoracic sterna, so that a chamber is 
formed into which the oviducts open. The eggs arc passed into the 
chamber by one operation, usually during the night, and are plunged 
into a viscous greyish mucus with which it is filled. The spermatozoa 
pass out of the vermicular spermatophorcs, and mix w'ith this fluid, in 
which the peculiarity of their form renders them readily recognisable. 
The spermatozoa are thus brought into close relation with the ova, but 
what actually becomes of them is unknowm. 

The origin of the viscous matter which fills the abdominal chamber 
when the eggs arc deposited in it, and the manner in which these become 
fixed to the abdomiiml limbs is discussed by Lereboullct (“ llecherchcs 
snr le mode de fixation dcs ocafs aux faux pattes abdtuninaux dans Ics 
Ecrevisses. ” Amiales des Sciences Natiirolles, 4e Ee. T. XIV. ISGU), 
arid by Braun (Arbciten aus dem Zoologisch-Zootomischen Institut in 
Wiirzburg, II.). 


Note YI., CiiArTEii 1., p. 42. 

ATTACHMENT OF THE YOUNG CllAYFISII TO THE MOTHER. 

I observe that I had overlooked a passage in the Report on the 
award of the Prix Moiityon for 1872, Comptes Rciidup, LXXV. p. 1341, 
in w'hich M. Chantran is stated to have ascertained that the young 
crayfishes fix themselves ••en saisissant avee uu dc Icurs pinces le 
filament <iui suspend I’ceuf a nnc faussc pattc de la mere.” 

In the paper already cited from the Comptes Rendiis for 1870, M. Chan- 
tran states that the young remain attached to the mol her during ten days 
after hatching, that is to s?iy, n]> to the first moult. iJctachcil before 
this period, they die ; but aflcr the first moult, they r niio'imcj 1c.\yc the 
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mother and return to her again, up to twenty-eight days, when they 
become independent. 

In a note appended to M. Chantran’s paper, M. Eobin states, that the 
young are suspended to the abdomen of the mother by the intermediation 
of a chitinous hyaline filament, whieh extends from a point of the 
internal surface of the kIicII of the egg as far as the four most in- 
ternal filaments of each of the lobes of the median membranous plate 
of the caudal appendage. The filaments exist when the embryos have 
not yet attained three-fourths of their development.” Is this a larval 
ooat ? Bathke does not mention it and I have seen nothing of it in 
those recently hatched young which I have had the opportunity of 
examining. 


Note VII., Chaptee II., p. 01. 

THE “SALIVABY ” GLANDS AND THE SO-CALLED ‘‘LIVER” OF 
THE CRAYFISH. 

Braun (Arbeitcn aus dem Zoologisch-Zootomischen Institut in 
Wiirzburg, Bd. II. and III.) has descrilxid “salivary” glands in tlie 
walls of the oesophagus, in the metastoma, and in the first pair of maxillin 
of the crayfish. 

Hoppe- Seyler (Pfliigers Archiv, Bd. XIV. 1877) finds that the yellow 
fluid ordinarily found in the stomachs of crayfishes always contains pep- 
tone. It dissolves fibrin readily, without swelling it up, at ordinary tem- 
peratures ; more quickly at 40“ Centigrade. The action is delayed by even 
a trace of hydrochloric acid, and is stopped by the addition of a few drops 
of water containing 0.2 i)er cent, of that acid. By adding alcohol to the 
yellow fluid, a precipitate is obtained, which is soluble in water and in 
glycerine. The aqueous solution of the precipitate has a strong digestive 
action on fibrin, which is arrested by acidulatioii with hydrochloric acid. 
These reactions show that the fluid is very similar to, if not identical 
with, the pancreatic fluid of vertebrates. 

The secretion of the “ liver ” taken directly from that gland, has a 
xnoi'c strongly acid reaction than the fluid in the stomach, but has 
similar digestive properties. So has an aqueous extract of the gland, 
and a watery solution of the alcoholic precipitate. The aqueous extract 
also possesses a strong diastatic action on si arch, and breaks up olive oil. 
There is no more glycogen in the “ liver ” than is to be found in other 
organs, and no constituents of true bile ore to be met with. 
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Note VIII., Chapter II., p. 81. 

ANAL RESPIRATION IN CRAYFISH. 

Lerebonllet (“ Note sur une respiration analc obscrv6e chez plusicurs 
Crustaces ; ’* M^moires de la Soci6t6 d’Histoire Naturelle de Strasbourg, 
IV. 1850) has drawn attention to what he terms “ anal respiration ” in 
young crayfish, in which he observed water to be alternately taken into 
and expelled from the rectum fifteen to seventeen times in a mmute. 
1 have never been able to observe anything of this kind in the uninjured 
adult animal, but if the thoracic ganglia arc destroyed, a regular 
rhythmical dilatation and closing of the anal end of the rectum at once 
sets in, and goes on as long as the - hindermost ganglia of the abdomen 
retain their integrity. I am much disposed to imagine that the rhyth- 
mical movement is inhibited, when the uninjured crayfish is held in such 
a position that the vent can be examined. 


Note IX, Chapter II., p. 82. 

THE GREEN GLAND. 

The existence of guanin in the green gland rests on the authority 
oi Will and Gbrup-Besanez (Gelehrte Anzeigen, d. k. Baienzschen 
Akadcmie, No. 233, 1848), who say that in this organ and in the organ of 
Bo j anus of. the freshwater mussel,, they found a substance the reactions 
of which with the greatest probability indicate guanin,” but that they 
had been unable to obtain sufficient material to give decisive results. 

Leydig (Lehrbuch der Histologic, p. 4C7) long ago stated that the 
green gland consists of a much convoluted tube containing granular cells 
disposed around a central cavity. Wassiliew (“Ueber die Niere des 
Flusskrebses : ” Zoqlogischer Anzeiger, 1. 1878) supports the same view, 
giving a full account of the minute structure of the organ, and com- 
paring it with its homologues in the Copepoda and riiyllopoda. 


Note Chapter III., p. 105. 

THE ANATOMY OF THE NERVOUS SYSTEM OF THE 
CRAYFISH. 

The details respecting the origin and the distribution of the nerves are 
intentionally omitted. See the memoir by Lemoinc of which the title is 
given in the “ Bibliography.” 
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Note XL, Chapteb IIL, p. HO. 

THE FUNCTIONS OF THE NERVOUS SYSTEM OF THE 
CRAYFISH. 

Mr. J. Ward, in his Observations on the Physiology of the Nervous 
System of the Crayfish,” (Proceedings of the Royal Society, 1879) has 
given an account of a number of interesting and important experiments 
on this subject. 


Note XIL, Chapteb III. p. 124. 

THE THEORY OF MOSAIC VISION. 

Oscar Schmidt (“Die Form der Krystalkegcl im Arthropoden Auge : ” 
Zeitschrift fiir Wissenschaftliche Zoologie, XXX. 1878) has pointed out 
certain difficulties in the way of the universal application of the theory of 
mosaic vision in its present form, which arc well worthy of consideration. 
I do not think, however, that the substance of the theory is affected by 
Schmidt’s objections. 


Note XIII., Chapter III., p. 135. 

THE SPERMATOZOA. 

Since the discovery of the spermatozoa of the crayfish in 1836-36 by 
Henlc and von Sicbold, the structure and development of these bodies 
have been repeatedly studied. The latest discussion of the subject is 
contained in a memoir of Dr. 0. Grobben (“ Beitrage zur Kenntniss der 
mannlichen Geschlechtsorgane der Dekapoden : ” Wien, 1878). There 
is no doubt that the spermatozoon consists of a flattened or hemi- 
spherical body, produced at its circumference into a greater or less 
number of long tapering curved processes (fig. 34 F). In the interior 
of this are two structures, one of which occupies the greater pai*t 
of the body, and, when the latter lies flat, looks like a double ring. 
This may be called, for distinctness’ sake, the annulate corpuscle. The 
other is a much smaller oval corjmscle, which lies on one side of the 
first. The annulate corpuscle is dense, and strongly refracting ; the oval 
corpuscle is soft, and less sharply defined. Dr. Grobben describes the 
annulate corpuscle as “ napfartig,” or cup-shaped ; closed below, open 
above, and with the upper edge turned inwards, and applied to the 
inner side of the wall of the cup. It appeared to me, on the other 
hand, that the annulate corpuscle is really a hollow ring, somewhat 
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like one of the ring-shaped air-cushions one sees, on a very small scale. 
Dr. Grobben describes the spermatoblastic cells of the testis and their 
nuclear spindles ; but his account of the development of the spermatozoa 
does not agree with my own observations, which, so far as they have 
gone, lead me to infer that the annulate corpuscle of the spermatozoon 
is the metamorphosed nucleus of the cell from which the spermatozoon is 
developed. For want of material, however, I was unable to bring my 
investigations to a satisfactory termination, and I speak with reserve. 


Note Xrv., Chapteb IV., p. 174 . 

THE MORPHOLOGY OF THE CRAYFISH. 

The founder of the morphology of the Crmtacca, M. Milne Edwards, 
counts the tclson as a somite, and consequently considers that twenty- 
one somites enter into the composition of the body in the Podoplt^ 
tiudmia. Moreover, he assigns the anterior seven somites to the head, the 
middle seven to the thorax, and the hinder seven to the abdomen. 
There is a tempting aspect of symmetry about this arrangement ; but as 
to the limits of the head, the natural line of demarcation between it and 
the thorax seems to me to be so clearly indicated between the somite 
which bears the second maxillas and that which carries the first maxilli- 
pedes in the Crustacea^ and between the homologous somites in Insects, that 
I have no hesitation in retaining the grouping which I have for many years 
adopted. The exact nature of the tclson needs to be elucidated, but I can 
find no ground for regarding it as the homologue of a single somite. 

It will be observed that these differences of opinion turn upon ques- 
tions of grouping and nomenclature. It would make no difference to 
the general argument if it were admitted that the whole body consists 
of twenty-one somites and the head of seven. 


Note XV., Chapter IV., p. 199. 

THE HISTOLOGY OF THE CRAYFISH. 

In dealing with the histology of the crayfish I have been obliged to 
content myself with stating the facts as they appear to me. The ^scus- 
sion of the interpretations put upon these facts by other observers, espe- 
cially in the case of those tissues, such as muscle, on which there is as 
yet no complete agreement even as to matters of observation, would 
require a whole treatise to itself. 
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Note XVL, Chaptee IV., p. 221. 

THE DEVELOPMENT OF THE CRAYFISH. 

The remark made in the last note applies still more strongly to the 
history of the development of the crayfish. Notwithstanding the mas- 
terly memoir of Bathke, which constitutes the foundation of all our 
knowledge on this subject ; the subsequent investigations of Lcreboullet ; 
and the still more recent careful and exhaustive works of Beichenbaeh 
and Bobretsky, a great many points require further investigation. In 
all its most important features I have reason to believe that the aceouiit 
of the process of development given in the text, is correct. 


Note XVII., Chapter VI., p. 297, 

PARASITES OP CRAYFISHES. 

In France and Germany crayfishes (apparently, however, only 
A, nohilis) are infested by parasites, belonging to the genus Branchio- 
hdella. These are minute, flattened, vermiform animals, somewhat like 
small leeches, from one-half to one-third of an inch in length, which 
attach themselves to the under side of the abdomen (B» parasitica), or 
to the gills {B. astaci), and live on the blood and on the eggs of the 
crayfish. A full account of this parasite, with reference to the literature 
of the subject, is given by Dormer (“Ueber die Gattung Branchio- 
bdella : ” Zeitschrift fiir Wiss. Zoologie, XV. 1866). According to Gay, a 
similar parasite is found on the Chilian crayfish. I have never met with 
it on the English crayfish. The Lobster has a somewhat similar parasite, 
Eistriobdella, Girard, in the paper cited in the Bibliography, gives a 
curious account of the manner in which the little lamellibranchiate 
molludc, Cydas foTUitiaiis, shuts the ends 'of the ambulatoiy limbs of 
crayfidies which inhabit the same waters, between its valves, so that the 
crayfish resembles a cat in walnut shells, and the pinched ends of the 
limbs become eroded and mutilated. 
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Db Haai^, quoted, 313 
Development, 205 
abdomen, 213 
abdominal appendap:cs, 21 7 
alimentary canal, 213, 222 
antennae, 214, 218 
antennules, 214, 218 
blood and blood vessels, 224 
branehiostegite, 217 
carapace, 214 

cephalic appendages, 217, 219 
connective tissue, 224 
ear, 225 
eye, 225 

eyestalk, 214, 218 
gills, 224 
heart, 224 
kidney, 224 
labrum, 218 
mandibles, 214 


Development of muscles, 224 
nervous system, 213, 224 
reproductive organs, 225 
rostrum, 217 

thoracic appendages, 217, 219 
Digestion, 03 
Distribution, 46 

chronological, of crayfishes, 44, 
310, 339 
table of, 345 

geographical, of crayfishes, 44, 
288 

causes of, 335 

results of study of, 308, 314 
Dokmer, quoted, 356 
Dulk, quoted, 349 

E. 

Ear, 110 

development of, 226 
Eedysis, 32, 360 

Ecrevisse h pieds blancs, 289, 297 
a pieds rouges, 289, 297 
Ectoderm, 141 
Ectostracum, 194 
Edelkrcbs, 290 
Endoderm, 141 
Endophragmal system, 157 
Endopleurite, 168 
Endopodite, 145 
Endoskeleton, 17 
Endostemite, 158 
Endostracum, 194 
JCngceus, 250, 306 
Euojflocytia, 342 
Epiblast, 211 
Epidermis, 140 
Epimeron, 143 
Epiostracum, 192 
Epipodite, 167 
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Epistoma, 155 
Epithelium, 140, 177 

cxccUvs^ occurring withfossil 
crayfishes, 316 
Eryma, 341 

Evolution of crayfishes, 331 
Excretion, organs of, 82 
Exopodite, 145 
Exoskcleton, 17 

chemical composition, 347 
Eye, 118 

compound, 122 
development of, 226 
Eye-stalk, 24, 173 

development of, 214 

F. 

Family, 252 
Fat-cells, 180 
Fibre, muscular, 185 
Fibril, muscular, 185 
Figian Crayfishes, 306 
Filament, muscular, 185 
Filter of stomach, 58 
Flagellum, 1G7 
Food-yelk, 206 
Foot- jaws, see maxillipedcs 
Forceps, 22 
Foregut, 61 

development of, 213, 222 
Fossil crayfishes, 316 
ETosteb, Dr. M., referred to, 1 10 
France, consumption of crayfish 
in, 10 

Function, 22 

a. 

Qalaxidfc^ 316 
G^ammaints, 323 
Ganglion, 103, 105 
xanglionic corpuscle, 87, 103 


Gastric mill, 53 
Gastrolith, 29, 347 

chemical composition, 349 
Gastrula, 211 
Gay, quoted, 366 
Genus, 249 

Geographical distribution, see Dis- 
tribution 

Gebbe, M., quoted, 350 
Germinal disc, 209 
layer, 206 
spot, 133 
vesicle, 133 

Gebstfeldt, Dr., quoted, 290 
Gills, see Branchim 
Gibabd, quoted, 356 
Gorup-Besaxez, quoted, 353 
Green-gland, 83, 353 
development of, 224 
Gbobben, Dr., quoted, 354 
Growth of crayfidi, 31, 349 
Guanin, 82, 353 
Gullet, see (Esophagus 
Guktheb, Dr., quoted, 316 


11 . 

Hagen, Dr., quoted, 305, 312 
JfajilocMtonidcB^ 316 
Habvey, quoted, 6 
Head, see Cephalon 
Hearing, organ of, 116 
Heart, 27, 71 

development of, 224 
Heller, Dr., quoted, 298, 330 
Hepatic duct, see Bile duct 
Hind gut, 61 

development of, 214, 223 
Histolog 3 ^ 176 
JIutHohdclUtf 356 
Jlomaridce, 263 
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JEtomurinaj 261 
H&ma/niSj 13, 42, 257, 332 
Homology, homologous, homolo- 
gue, 148 
JSopUparia, 342 
Hypoblast, 211 

I. 

Idctliea. 323, 334 
Impregnation, 135, 350 
Integument, 50 
Interscptal zone, 183 
Intestine, 20, 61 
Ischiopoditc, 165 


J. 

Japanese Crayfishes, SI 3, 814 
Jaws, 23 

JOH>*STON, J., quoted, 42 


K. 

Kessleb, quoted, 298, 304 
Kidney, see Green gland 
Klueziegeb, icterrcd to, 330 


L. 

Labrum, 51 

development of, 218 
Lamabck, referred to, 4 
XiEBEB0ULiiE7, quoted, 3o3 
Legs, ambulatory, 168 
Lemoine, referred to, 353 
Letdig, referred to, 115, 353 
Liver, 30, 64 

development of, 223 
nature of secretion, 352 
liObstcr, common, see Uomartts 
Norway, see Nephrons 


Lobster, Bock, see PalmuruB 
LovfeN, referred to, 327 

M. 

Machine, living, 128 
M‘1etosh, Dr. W. C., quoted, 288 
Mandible, 23, 51, 170 
development of, 214 
Mabtens, Von, 306 
Mastodon mirijicusy occurring with 
fossil crayfishes, 316 
Maxillse, 23, 170 
Maxillipedes, 23, 164 
Medullary groove, 213 
Mcgalopa stage of development, 
283 

Meropoditc, 165 
. Mcsoblast, 212 
Mesoderm, 141 
Mesophragin, 158 
Metamere, 143 
Metastoma, 51 
Metope, 278 
Midgut, 61 

development of, 211, 214, 223 
Milne-Edwabds, quoted, 13, 269 
Molliisca, 284 
Morphology, 46, 138 
comparative, 230 
Mortality of crayfishes, 123 
Morula, 206 
Mosaic vision, 122, 354 
Motor plates, 189 
Mouth, 51 

MbLLEB, Johannes, referred to, 
122 

Muscle, 57, 90, 175, 181 
development of, 224 
histology of, 90, 181 
]&Iusclcs of abdomen, 99 
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Muscles of chela, 93 
of stomach, 57 
Myosin, 186 
Myotome, 174 
Mysu, 281, 323 

relicta^ origin of, from M, 
omlata, 327 

Mysis stage of development, 280 

N. 

Natural History, 3 
Philosopiiy, 3 

Naupliua stage of devehjpment, 
216, 280 

Nearctic province, 314 
Krphropa, 269, 332 
Nerve, 101 

auditory, 117 
optic, 118 

Nerve-cclls, 103, 187 
fibres, 101, 188 
Nervous system, 106 

development of, 213, 224 
functions of, 364 

Noble crayfish, see Antaeus nohilis 
Nomenclature, binomial, 13, 15 
Norway lobster, see Nephrops 
Novozclanian province, 314 
Nucleated cell, 199 
Nucleolus, 187 
Nucleus, 177, 200 

changes of, in cell-division, 200 

O. 

CEsophagus, 61 
Olfactory organ, 114 
Organ, 22 

Origin of crayfish, evidence as to, 
320, 331 


Ovary, 31, 129 

structure of, 131 
Oviduct, 129 
Oviposition, 361 
Ovisac, 132 
Ovum, 129 

structure of, 133 


P. 

Palaearctic province, 314 
Palcemon, 268, 328 
Palinv./rid(Bf 263 
Palinurus, 261, 264 
Palp, 171 

Paranephraps^ 250, 306, 313 
I’araphragm, 168 
Parasites of crayfish, 356 
Parasiacidoi^ 262, 266, 306, 313 
ParcLstacus^ 260, 306 
PempliiXy 341 
Pmatus, 267, 280 
Pericardium, 69 
Perivisceral cavity, 60 
Phyllobranchia, 271 
Physiology, 46 
Pleurobranchia, 79 
Pleuron, 96, 143 
Podobranchia, 76, 165 
Podophthalrtiia, 279 
Pore-canals, 195 
Post-orbital ridge, 233 
spine, 232 

PotamoHidigy 262, 266 
Prawn, sec Palcpman 
Prehension of food, 49 
Procephalic lobes, 1 60 
development of, 213 
Propodite, 166 
Protopodite, 143 
Prototroctes, 316 

B a 
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Prtftozoa, 285 
Psm(tlastacu8i 343 
Pylorus, 62 

R. 

Race, 292 

Rathkb, quoted, 350 
liitAUMUE, quoted, 33 
Reflex action, 108 
Reichenbach, quoted, 356 
Renal organ, see Green-gland 
Reproduction of lost limbs, 38 
sexual, 39, 128, 1 35, 350 
Reproductive organs, 128 
development of, 225 
Respiration, anal, 353 
Respiratory organs, see Branchire 
Jtetropinna^ 315 
Robin, quoted, 352 
Rock lobster, see Palinvrvx 
Roesel von Rosenhop, quoted, 
41, 43 

Rondolktius, referred to, 4 
Rostrum, 157 

development of, 217 

S. 

Salivary glands, 352 
SalmonidoR, parallel between their 
distribution, and that of A«ia^ 
cidcSf 315 

Sarcolemma, 90, 182 
Sabs, G. O., referred to, 327 
Sartobius von Waltebhausen, 
quoted, 322 

Seaphognathite, 80, 1 70 
Schizopod stage of development, 
280 

SCHLtlTER, 317 


Schmidt, 0., quoted, 364 
ScHBANK, 290 
Science, physical, 3 
Science and common set i sc, 1 
Segmentation, 174 
Self-causation, 112 
Sensory organs, 113 
Septal line, 183 
zone, 183 
Setae, 197 

Shrimp, see Oran{fon 
SiEBOLD, Von, referred to, 331 
Sight, organ of, 118 
Sinus, sternal, 69 
Smell, organ of, 114 
Somite, 143, 161, 356 
abdominal, 142 
cephalic, 164 
thoracic, 160 

SoUBEIRAN, M., quoted, 349 
Southern Crayfishes, 249 
Species, 243, 290 

morphological, 291 
physiological, 296 
Spermatozoa, 129, 135, 364 
Spontaneous action, 112 
Squamc of antenna, 172 
Steinkrebs, see Astaais torrenlivm 
Sternum, 96, 143 
Stomach, 29, 61 

Stone-crayfish, sec Astacus torrvn- 
tifm 

Striated spindle, 121 
Swimmeret, 20 

T. 

Taste, organ of, 116 
Teleology, 47, 137 
Tendon, 92, 175 
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Tergum, 96, 143 
Terminal plates, 1 89 
Terminology, scientific, 14 
Testis, 129 

structure of, 133 
Thoracic appendages, 1 64 
development of, 217 
somites, 160 
Thorax, 19, 141 
Tissue, 176 
Touch, organ of, 113 
Transformism, 318 
Trevikanus, referred to, 4 
Tribe, 262 

Trichobranchiae, 263 
TroglocariSt 337 


Vertehrata^ eye of, 122, 125 
Visual pyramid, 121 
rod, 121 

Vitelline membrane, 133 
ViteUus, 133 
Voluntary action, 112 
Von deb Marge, 317 


W. 

Ward, J., referred to, 354 
Wabsiliew, quoted, 363 
Whirlpool of life, 84 
Will, quoted, 363 
Wood-Mason, quoted, 44 


V. 

Valves of heart, 73 
of stomach, 59 
Van Helmont, quoted, 46 
Variety, 290, 292 
Vas deferens, 130 
Vent, see Anus 
Vertehrata^ 284 


Y. 

Yelk, 133 
Yelk-division, 205 
Young of AfttatntHf newly hatched, 
characters of, 219 

Z. 

Zosea stage of development, 280 


THE END. 
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and Index. Third Edition, Revised 
and Corrected. Crovm 8vo. Cloth, 
price 3r. 6d. 
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BROOKE (W. Qt.y-coniinued. 

Six Privy Council Judg- 
ments — 1850-1872. Annotated by. 
Third Edition. Crown 8vo. Cioth» 
price gs. 

BROUN (J. A.). 

Magnetic Observations at 

Trevandrum and Aug^ustia 
Malley. Vol. 1 . 4to. Cloth, 
price 63^. 

The Report from above, separately 
sewed, price 21^. 

BROWN (Rev. J. Baldwin), B.A. 
The Higher Life. Its Reality, 
Experience, and Destiny. Fifth and 
Cheaper Edition. Crown 8vo. Cloth, 
price sr. 

Doctrine of Annihilation 
in the Lfight of the Gospel 
of Love. Five Discourses. Third 
Edition. Crown 8vo. Cloth, price 
2r. 6d. 

BROWN (J. Croumbie), LL.D. 
Reboisement in France; or, 
Records of the Rcplantinj; of the 
Alps, the Cevennes, and the Pyre- 
ncses with Trees, Herbaj^e, and Bush. 
Demy 8vo. Cloth, price lar. 6 ei. 
The Hydrology of Southern 
Africa. Demy 8vo. Cloth, price 
10s, 6 d. 

BRYANT (W. C.) 

Poems. Red-line Edition. 

With 24 Illustrations and Portrait of 
the Author. Crown 8vo. Cloth extra, 
price yr. 6 d. 

A Cheaper Edition, with Frontis- 
piece. Small crown 8vo. Cloth, price 
3 *- 6d. 

BUCHANAN (Robert). 

Poetical Works. Collected 

Edition, in 3 vols.,« with Portrait. 
Crown 8vo. Cloth, pxlcc 6r. each. 

Master-Spirits. Post 8vo. 

Cloth, price xof. 6 d. 

BULKELEY (Rev. H. J.). 
Walled in, and other Poems. 
Crown 8vo. Cloth, price sr. 
BURCKHARDT Qaeob). 

The Civilization of the Pe- 
riod of the Renaissance in Italy. 
Authorized translation, by S. G. C. 
Middlemore. 2 vols. Demy 8vo. 
Cloth, price 24X. 


BURTON (Mrs. Richard). 

The Inner Life of Syria, 
Palestine, and the Holy Land. 
With Maps, Photographs, and 
Coloured Plates. 2 vols. Second 
Edition. DemySvo. Cloth, price 24J. 

Also a Cheaper Edition in 
one volume. Large post 8vo. Cloth, 
price loj. 6 d» 

BURTON (Capt. Richard F.). 
The Gold Mines of Midian 
and the Ruined Midianite 
Cities. A Fortnight’s Tour in 
North Western Arabia. With nu- 
merous Illustrations. Second Edi- 
tion. Demy 8vo. Cloth, price i8j. 

The Land of Midian Re- 
visited. With numerous illustra- 
tions on wood and by Chromo- 
lithography. 2 vols. Demy 8vo. 
Cloth, price 32^. 

CALDERON. 

Calderon’s Dramas : The 
Wonder-Working Magician — Life is 
a Dream — The Purgatory of St. 
Patrick. Translated by Denis 
Florence MacCarthy. Post 8vo. 
Cloth, price lojf. 

CANDLER (H.). 

The Groundwork of Belief. 

Crown 8vo. Cloth, price js. 

CARLISLE (A. D.), B. A. 

Round the World in 1870. 

A Volume of Travels, with Maps. 
New and Cheaper Edition. Demy 
8vo. Cloth, price 6 s, 

CARNE (Miss E. T.). 

The Realm of Truth. Crown 

8vo. Cloth, price 5^. 6 d. 
CARPENTER (E.). 
Narcissus and other 
Poems. Fcap. 8vo. Cloth, price 59. 
CARPENTER (W. B.), M.D. 

. The Principles of Mental 
Physiology. With their Applica- 
tions to the Training and Discipline 
of the Mind, and the Study of its 
Morbid Conditions. Illustrated. 
Fifth Edition. 8vo. Cloth, price X2s, 

CAVALRY OFFICER. 

Notes on Cavalry Tactics, 
Organisation, &c. With Dia- 
gram.s. Demy 8vo. Cloth, price z 2s. 


C. Kegan Paul &* Co.^s Publications. 


CHAPMAN (Hon« Mrs. E. W.). 

A Constant Heart. A Story. 

2 vols. Cloth} gilt tops, price i2f. 

Children’s Toys, and some 

Elementary Lessons in General 
Knowledge which they teach. ^ Illus- 
trated. Crown 8vo. Cloth, price 5^. 
CHRISTOPHERSON (The late 
Rev. Henry), M.A. 

Sermons. With an Intro- 
duction by John Kae, LL.D., F. S.A. 
Second Series. Crown 8vo. Clolli, 
price 6 s. 

CLERK (Mrs. Godfrey). 

’Ildm en Nas. Historical 
Tales and Anecdotes of the 'I'inies 
of the Early Khalifahs.^ Translated 
from the Arabic Originals. Illus- 
trated with Historical and Explana- 
tory Notes. Crown 8vo. Cloth, price7f. 
CLERY(C.), Major. 

Minor Tactics. With 26 

Maps and Plans. Fourth and Revised 
Edition. DemySvo. Cloth, price i6.r. 
CLODD (Edward), P.R.A.S. 

The Childhood of the 

World : a Simple Account of Man 
in Early Times. Sixth Edition. 
Crown 8vo. Cloth, i)rice ^s. 

A Special Edition for Schools. 
Price IS. 

The Childhood of Reli- 
gions. Including a Simple Account 
of the Birth and Growth of Myths 
and Legends. 'J'hird Thousand. 
Crown 8vo. Cloth, price SJ. 

A Special Edition for Schools. 
Price IS. 6 d. 

COLERIDGE (Sara). 

Pretty Lessons in Verse 

for Good Children, with some 
Lessons in Latin, in Easy Rhyme. 
A New Edition. Illustrated. Fcap. 
8vo. Cloth, price 3^. 6 d. 

Phantasmion. A Fairy Tale, 

With an Introductory Preface by the 
Right Hon. Lord Coleridge, of 
Ottery St. Mary. A New Edition. 
Illustrated. Crown 8vo. Cloth, 
price ^s. 6 d. 

Memoir and Letters of Sara 

Coleridge. Edited by her Daughter. 
With Index. 2 vols. With Two 
Portraits. Third Edition, Revi.sed 
and Corrected. Crown 8vo. Cloth, 
price 24^. 

Cheap Edition. With one Portrait. 
Cloth, price js. 6 d. 


COLLINS (Mortimer). 

The Secret of Long Life. 

Small Cl own 8vo. Cloth, price 3;. 6 d. 

Inn of Strange Meetings, 
and other Poems. Crown 8vo. 
Cloth, price 5J. 

COLLINS (Rev. R.), M.A. 
Missionary Enterprise in 
the East. With special reference 
to the Syrian Christians of Malabar, 
and the results of modern Missions. 
With Four Illustrations. Crown 
8vo. Cloth, price 6 s. 

COOKE (M. C.), M.A., LL.D. 
Fungi; their Nature, Influ- 
ences, Uses, &c. Edited by the Rev. 
M. J. Berkeley, M.A., F. L. S. 
With Illustrations. Second Edition. 
Crown 8vo. Cloth, price sj. 

Volume Kiy. of The International 
Scientific Series. 

COOKE (Prof. J. P.) 

The New Chemistry. With 

31 Illustrations. Fourth Edition. 
Crown 8vo. Cloth, price 5^. 

Volume IX. of 'i'he Iiiternational 
ScientiHc Serie.s. 

Scientific Culture. Crown 

8vo. Cloth, price js. 

COOPER (T. T.), F.R.G.S. 

The Mishmee Hills: an 

Account of a Journey made in an 
Attemi>t to Penetrate Thibet from 
Assam, to open New Routes for 
Commerce. Second Edition. With 
Four Illustrations and Map. Post 
8vo. Cloth, price lof. 6 d. 

COOPER (H. J.). 

The Art of Furnishing on 
Rational and Esthetic Prin- 
ciples. New and Cheaper Edition. 
Fcap. 8 VO. Cloth, price is. 6 d. 

COPPEE (Frangois). 

L’Exilee. Done into English 

Ver.se with the sanction of the Author 
by J. O. L. Crown 8vo. Cloth, 
price 5J. 

Cornhill Library of Fiction 
(The). Crown 8vo. Cloth, price 
3J. 6 d. per volume. 

Half-a- Dozen Daughters. By 
J. Masterman. 

The House of Raby. By Mrs. G. 
Hooper. 
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Cornhill Library of Fiction— 

continued, 

A Fight for Life. By Moy Thomas. 
Robin Gray. By Charles Gibbon. 
One of Two ; or, A Left- 
Handed Bride. ByJ.HainFriswell. 
God’s Providence House. By 
Mrs. G. L. Banks. 

For Lack of Gold. By Charles 
Gibbon. 

Abel Drake’s Wife. By John 
Saunders. 

Hirell. By John Saunders. 

CORY (Lieut. Col. Arthur). 

The Eastern Menace; or, 
Shadows of Coming Events. 
Crown 8vo. Cloth, price sr. 
lone. A Poem in F'our Parts. 
Fcap. 8 VO. Cloth, price 5r. 

Cosmos. 

A Poem. Fcap. 8vo. Cloth, price 
3J. fid. 

COURTNEY (W. L ). 

The Metaph3^sics of John 
Stuart Mill. Crown 8vo. Cloth, 
price ss. 6d. 

COWAN (Rev. William). 

Poems : Chiefly Sacred, in- 
cluding I'ranslations from some 
Ancient Latin Hymns. Fcap. 8vo. 
Cloth, price sr, 

COX (Rev. Sir G. W.), Bart. 

A History of Greece from 

the Earliest Period to the end of the 
Persian War. New Edition, a vols. 
Demy 8vo. Cloth, price 36J. 

The Mythology of the 
Aryan Nations. New Edition, a 
vols. Demy 8vo. Cloth, price aSr. 

A General History of Greece 
from the Earliest Period to the Death 
of Alexander the Great, with a .sketch 
of the subsequent History to the 
present time. New Edition. Crown 
8vo. Cloth, price js. 6d. 

Tales of Ancient Greece. 

New Edition. Small crown 8vo. 
Cloth, price 6s. 

School History of Greece. 
With Maps. New Edition. Fcap. 
8vo. Cloth, price 3^. 6d, 

The Great Persian War 

from the Hi.stories of Herodotus. 
New Edition. Fcap. 8vo. Cloth, 
price 3s. 6d. 


COX (Rev. Sii* Q. W.), Bart, -con- 
tinued. 

A Manual of Mythology 

in the form of Question and Answer. 
New Edition. Fcap. 8vo. Cloth, 

COx“(Riv. Samuel). 

Salvator Mundi ; or, Is 
Christ the Saviour of all Men? Sixth 
Edition. Crown 8vo. Cloth, price 5r. 
CRAUFURD(A. H.). 

Seeking for Light : Sermons. 
Crown 8vo. Cloth, price SJ* 
CRESSWELL (Mrs. G.). 

The King’s Banner. Drama 
in Four Acts. Five Illustrations. 
4to. Cloth, price xor. 6d. 
CROMPTON (Henry). 
Industrial Conciliation. 
Fcap. 8 VO. Cloth, price sf. 6d. 
D’ANVERS (N. R.). 

The Suez Canal: Letters 
and Documents descriptive of its 
Rise and Progress in 18^-56. By 
Ferdinand de Lesseps. Translated 
by. Demy8vo. Cloth, price 1 or. 6if. 

Parted. A Tale of Clouds 
and Sunshine. With 4 Illustrations. 
Extra Fcap 8vo. Clotn, price 3s. 6d. 
Little Minnie’s Troubles. 
An Every-day Chronicle. With Four 
Illustrations by W. H. Hughes. 
Fcap. Cloth, price 3s. 6d. 

Pixie’s Adventures ; or, the 
Tale of a Terrier. With 21 Illustra- 
tions. i6mo. Cloth, price 4r. 6d. 

Nanny’s Adventures; or, 
the Tale of a Goat. With 12 Illus- 
trations. i6mo. Cloth, price 4;. 6d. 
DAVIDSON (Rev. Samuel), D.D., 
LL.D. 

The New Testament, trans- 

lated from the Latest Greek 
Text of Tischendorf. A New and 
thoroughly Revised Edition. Post 
8vo. Cloth, price lor. 6d. 

Canon of the Bible : Its 
Formation, History, and Fluctua- 
tions. Second Edition. Small crown 
8vo. Cloth, price 5^. 

DAVIES (G. Christopher). 
Mountain, Meadow, and 
Mere : a Series of Outdoor Sketches 
of Sport, Scenery, Adventures, and 
Natural History. With Sixteen Il- 
lustrations by Bosworth W. Har- 
court. Crown 8vo. Cloth, price 6s. 
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DAVIES (G. Qhxis.y— continued. 
Rambles and* Adventures 
of Our School Field Club. With 
Four Illustrations. Crown 8vo. 
Cloth, price 5r. 

DAVIES (Rev. J. D.), M.A. 

Theology and Morality. 

Essays on Questions of Belief and 
Practice. Crown 8vo. Cloth, price 

IS. 6d. 

DAVIES (T. Hart.). 

Catullus. Translated into 

English Verse. Crown 8vo. Cloth, 

price ts. 

DAWSON (George), M.A. 
Prayers, with a Discourse 
on Prayer. Edited by his Wife. 
Fifth Edition. Crown 8vo. Price (a. 

Sermons on Disputed 

Points and Special Occasions. 
Edited by his Wife. Third Edition. 
Crown 8vo. Cloth, price 6s. 

Sermons on Daily Life and 
Duty. Edited by his Wife. Second 
Edition. Crown 8 VO. Cloth, price 6j. 
DE L’HOSTE (Col. E. P.). 

The Desert Pastor, Jean 

Jarousseau. Translated from the 
French of Eugene Pelletan. With a 
Frontispiece. New Edition. Fcap. 
8vo. Cloth, price 3J. 6d. 

DENNIS (J.). 

English Sonnets. Collected 

and Arranged. Ele^.antly bound. 
Fcap. 8vo. Cloth, price 3 J. 6d, 

DE REDCDIFFE (Viscount 
Stratford), P.C., K.G., G.C.B. 
Why am I a Christian ? 
Fifth Edition. Crown 8vo. Cloth, 
price 3^. 

DESPREZ (Philip S.). 

Daniel and John; or, the 
Apocalypse of the Old and that of 
the New_ Testament. Demy 8vo. 
Cloth, price i2f. 

DE TOCQUEVILLE (A.). 
Correspondence and Con- 
versations of, with Nassau Wil- 
liam Senior, from zS^ to 1859. 
Edited by M. C. M. Simp.son. a 
vols. Post 8vo. Cloth, price 21s. 
DE VERE (Aubrey). 

Legends of the Saxon 
Saints. Snudl crown 8vo. Cloth, 
price 6s. 
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DE VERE (Aubrey) - continued. 
Alexander the Great. A 
Dramatic Poem. Small crown 8vo. 
Cloth, price ss. 

The Infant Bridal, and 
Other Poems. A New and En- 
larged Edition. Fcap. 8vo. Cloth, 
price 7 J. 6d. 

The Legends of St. Patrick, 
and other Poems. Small crown 
8vo. Cloth, price 5;. 

St. Thomas of Canterbury. 

A Dramatic Poem. Large fcap. 8vo. 
Cloth, price 5f. 

Antar and 2 ara : an Eastern 
Romance. Ikiskail, and other 
Poems, Meditative and Lyrical. 
Fcap. 8vo. Price 6s. 

The Fall of Rora, the 
Search after Proserpine, and 
other Poems, Meditative and Lyrical. 
Fcap. 8vo. Price 6s. 

DOBSON (Austin). 

Vignettes in Rhyme and 
Vers de Soci^td. Third Edition. 
Fcap. 8vo. Cloth, price 5z. 
Proverbs in Porcelain. By 

the Author of “ Vignettes in Rhyme.” 
Second Edition. Crown 8vo. 6s. 
DOWDEN (Edward), LL.D. 
Shakspere : a Critical Study 
of his Mind and Art. Fourth Edition. 
Large post 8vo. Cloth, price i2j. 
Studies in Literature, 1789- 
1877. Large post 8vo. Cloth, price 

12J'. 

Poems. Second Edition, 

Fcap. 8vo. Cloth, price sr. 
DOVfNTON (Rev. H.), M.A. 
Hymns and Verses. Ori- 
ginal and Translated. Small crown 
8vo. Cloth, price 3^. 6d. 

DRAPER (J. W.), M.D., LL.D. 
History of the Conflict be- 
tween Religion and Science. 
Eleventh Edition. Crown 8vo. Cloth, 
price 5^. 

Volume XI 1 1 , of The International 
Scientific Series. 

DREW (Rev. G. S.), M.A. 
Scripture Lands in con- 
nection with their Histo^. 
Second Edition. 8vo. Qoth, price 
zof. 6d. 



lO 


AUstof 


DREW (Rev. G. S.), M.A. 
continued, 

Nazareth: Its Life and 
Lressons. Third Edition. Crown 
8vo. Cloth, price 5^ . 

The Divine Kingdom on 
Earth as it is in Heaven. 8vo. 
Cloth, price xof. td. 

The Son of Man : His Life 

and Ministry. Crown 8vo. Cloth, 
price IS. 6d. 

DREWRY (G. 00, M.D. 

The Common-Sense 
Manag^ement of the Stomach. 
Fifth Edition. Fcap. 8vo. Cloth, 
price as. 6d. 

DREWRY (G. O.), M.D.. and 
BARTLETT (H. C.), Ph.D.. 
P.C.S. 

Cup and Platter : or, Notes 

on Food and its Effects. New and 
cheaper Edition. Small 8vo. Cloth, 
price IS. 6d. 

DRUMMOND (Miss). 

Tripps Buildings. A Study 

from Life, with Frontispiece. Small 
crown 8vo. Cloth, price 3^. 6d. 

DU MONCEL (Count). 

The Telephone, the Micro- 
phone, and the Phonograph, 
with 74 Illustrations. Small crown 
8vo. Clcith, price 5s. 

DURAND (Lady). 

Imitations from the Ger- 
man of Spitta and Terstegen. 
Fcap. 8vo. Cloth, price 4J. 

DU VERNOIS (Col. von Verdy). 

Studies in leading Troops. 

An authorized and accurate Tran;^ 
lation by Lieutenant H. J. T. 
Hildyard, 71st Foot. Parte vI. and 
II. Demy 8vo. Cloth, price 7s. 
EDEN (Frederick). 

The Nile without a 

Dragoman. Second Edition. 
Crown 8vo. Cloth, price 7s. 6d. 
EDMONDS (Herbert). 

Well Spent Lives : a Series 

of Modem biographies. Crown 8vo. 
Price 

The Educational Code of 
the Prussian Nation, in its 
Present Form. In accordance 
with _ the Decisions of the Common 
Provincial Law, and with those of 
Recent Legislation. Crown 8vo. 
Cloth, price as. 6d. 


EDWARDS (Rev. Basil). 

Minor Chords; or. Songs 
for the Suffering: a Volume of 
Verse. Fcap. 8vo. Cloth, price 
%s. 6d . : paper, price as. 6d. 
ELLIOT (Lady Charlotte). 
Medusa and other Poems. 

Crown 8vo. Cloth, price 6r. 
ELLIOTT (Ebenezer), The Corn 
Law Rhymer. 

Poems. Edited by his Son, 

the Rev. Edwin Elliott, of St. John's, 
Antigua. 2 vols. Crown 8vo. Cloth, 
price i8f. 

ELSDALE (Henry). 

Studies in Tennyson’s 
Idylls. Crown 8vo. Cloth, price 5f. 
Epic of Hades (The). 
l>y the author of “ Songs of Two 
W orlds. ” Seventh and finally revised 
Edition. Fcap. 8vo. Clodi, price 
7s. 6d. 

Also an Illustrated Edition with 
seventeen full-page designs in photo- 
mezzotint by Geokcs K. Chapman. 
4to. Cloth, extra gilt leaves, price 
25s. 

Eros Agonistes. 

Poems. By E. B. D. Fcap. 8vo. 
Cloth, price 3f. 6d. 

Essays on the Endowment 

of Research. 

By Various Writers. 

Square crown Svo. Cloth, price 
loj. 6d. 

EVANS (Mark). 

The Gospel of Home Life. 

Crown Svo. Cloth, price 4.?. 6d. 

The Story of our Father’s 
Love, told to Children. ^ Fourth 
and Chctaper Edition. With Four 
Illustrations. Fcap. Svo. Cloth, 
price IS. 6d. 

A Book of Common Prayer 
and Worship for Household 
Use, compiled exclusively from the 
Holy Scriptures. Fcap. Svo. Cloth, 
price 2.^. 6d. 

EX-CIVILIAN. 

Life in the Mofussil; or. 

Civilian Life in Lower Bengal, a 
vnls. Large post Svo. Price 14^- 
EYRE (Maj.-Gen. Sir V.), C.B., 
K.C.S.I., &c. 

Lays of a Knight- Errant 
in many Lands. Square crown 
8yo. With Six lUustraUons. Cloth, 
price 7X. 6d. 
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FARQUHARSON (M.). 

I. Elsie Dinsmore. Crown 

8vo. Cloth, price 3J. 6rf. 

II. Elsie^s Girlhood. Crown 

8vo. Cloth, price 3 $. td. 

III. Elsie’s Holidays at 
Roselands. Crown 8vo. 
Cloth, price 3^. 6<^. 

PERRIS (Henry Weybridgc). 

Poems. Fcap. 8vo. Cloth, 

price ss. 

FIELD (Horace), B.A., Lond : 
The Ultimate Triumph of 
Christianity. Small crown 8vo. 
Cloth, price 3^. 6 d. 

FINN (the late James), M.R.A.S. 

Stirring Times ; or, Records 

from Jerusalem Consular Chronicles 
of 1853 to^ 1856. Edited and Com- 
ilcd by his Widow. With a Preface 
y the Viscountess STRANCiKOKO. 
2 vols. Demy 8vo. Price 30^. 
FLEMING (James), D.D. 

Early Christian Witnesses; 

or, 'lestimonies of the First Cen- 
turies to the Truth of Christianity. 
Small crown 8vo. Cloth, price 3.V. 6d, 

Folkestone Ritual Case 
(The). The Argument, ProceetUngs, 
Judgment, and Report, revised by 
the several Counsel engaged. Demy 
8vo. Cloth, price 25.V. 

FOOTMAN (Rev. H.), M.A. 
From Home and Back ; or. 
Some Aspects of Sin as seen in the 
Light of the Parable of the Prodigal. 
Crown 8 VO. Cloth, price ss. 
FOWLE (Rev. Edmund). 

Latin Primer Rules made 
Easy. Crown 8vo. Cloth, price ss. 
FOWLE (Rev. T. W.), M.A. 

The Reconciliation of Re- 
ligion and Science. ^ lleing F.ssays 
on linmortnlity. Inspiration, Idira- 
cles, and the lieing of Christ. Demy 
8vo. Cloth, price jos. 6d. 

The Divine Legation of 
Christ. Crown 8vo. Cloth, jnice ys. 
FOX-BOURNE (H. R.). 

The Life of John Locke, 
1633 — X7C^. 3 vols. Demy 8vo. 
Cloth, price aBs. 


FRASER (Donald). 

Exchange Tables of Ster- 
ling and Indian Rupee Cur- 
rency, upon a new and extended sys- 
tem, embracing Values from One 
Farthing to One Hundred Thousand 
Pounds, and at Rates progressing, in 
Sixteenths of a Penny, from is. gd. to 
as. 3<f. per Rupee. Royal 8vo. 
Cloth, price jos. 6d. 

FRISWELL (J. Hain). 

The Better Self. Essays for 
Home Life. Crown 8vo. Cloth, 
price 6 j. 

One of Two; or, A Left- 

Handed Bride. With a Frontis- 
piece. Crown 8vo. Cloth, price 35. 6d. 
FYTCHE (Lieut.-Gen. Albert), 
C.S.I., late Chief Commissioner of 
British Burma. 

Burma Past and Present, 

with Personal Reminiscences of the 
Country. With Steel Portraits, Chro- 
molithographs, Engravings on Wood, 
and Map. 2 vols. DemySvo. Cloth, 
price 30.V. 

GAMBIER(Capt. J. W.), R.N. 
Servia. Crown 8vo, Cloth, 
price ss. 

GARDNER (H.). 

Sunflowers. A Book of 
Verses. Fcap. 8vo. Cloth, price 55. 
GARDNER (J.), M.D. 

Longevity: The Means of 
Prolonging Life alter Middle 
Age. Fourth F.ditiun, Revised and 
Eui.'ii'gcd. Small crown 8 VO. Cloth, 
price 4S. 

GARRETT (E.). 

By Still Waters. A Story 
for Quiet Hours. With Seven Illus- 
trations. Crown 8vo. Cloth, price 6s. 
GEBLER (Karl Von). 

Galileo Galilei and the 
Roman Curia, from Authentic 
Sources. 'J'raiislated with the sanc- 
tion of tlu: .Author, by Mrs. Gkokuk 
S' j TKiiK. DciiiySvo. Cloth, price 12A'. 
G. H. T. 

Verses, mostly written in 
India. Crown 8vo. C'lolh, price 6s. 
GILBERT (Mrs.). 

Autobiography and other 
Memorials. Edited hy Josiah 
(^ilhert. Third Edition. With J\jr- 
irait and several Wood Engravings. 
Crown 8vo. Cloth, price ys. 6d, 
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GILL (Rev. W. W.), B.A. 

Myths and Songs from the 

South Pacific. With a Preface by 

F. Max Muller, M.A., Professor of 
Comparative Philology at Oxford. 
Post 8vo. Cloth, price gr. 

GLOVER (F.), M.A. 

Exempla Latina. A First 

Construing Book with Short Notes, 
Lexic«)n, and .an Introduction to the 
An^ysis of Sentences. Fcap. 8vo. 
Cloth, price 2J. 

GODKIN (James). 

The Religious History of 

Ireland : Primitive, Papal, and 
Protestant. Including the Evange- 
lical Missions, Catholic Agitations, 
and Church Progress of the last half : 
Century. 8vo. Cloth, price lar. j 

GODWIN (William). i 

William Godwin: His ; 

Friends and Contemporaries. , 
With Portraits and Facsimiles of the 1 
handwriting of Godwin and hi.s Wife. } 
liy C. Kegan J*aul. 2 vols. Demy , 
8vo. Cloth, price aSr. ^ 1 

The Genius of Christianity j 
Unveiled. Being Essays never j 
l>eiure published. Edited, with a j 
Preface, by C. Kegan Paul. Crown 
8vo. Cloth, price 7s. 6d. 

GOETZE (Capt. A. von). 

Operations of the German 
Engineers during the War of 
1870- 1871. Published by Authority, 
and in accordance with Official Docu- 
ments. Translated from the German 
by Colonel G. Graham, V.C., C.B., 
R.E. With 6 large Maps. Demy 
8vo. Cloth, price air. 

GOLDIE (Lieut. M. H. G.) 

Hebe : a Tale. Fcap. 8vo. 

Cloth, price 5J. 

GOLDSMID (Sir Francis Henry). 
Memoir of. Willi Portrait. 
Cniwn 8vo. Cloth, price 55. 
GOODENOUGH (Commodore J. 

G. ), R.N., C.B., C.M.G. 

Memoir of, with Extracts from 

his Letters and Journabs. Edited by 
his Widow. With Steel Engraved 
Portrait. Square 8vo. Cloth, 55. 

Also a Library Edition with 
Maps, Woodcuts, and Steel En- 
graved Portrait. Square post 8vo. 
Cloth, price 14s. 


OOSSE (Bdnftund W.). 

Studies in the Literature of 
N orthern Europe. With a Frontis- 
piece designed and etched by Alma 
J'.'idciim. Large post 8vo. Cloth, 

price isjr. 

New Poems. Crown 8vo. 

Cloth, price 7s. 6tf. 

GOULD (Rev. S. Baring), M.A. 

Germany, Present and Past. 

2 V^ols. I Icmy 8vo. Cloth, price aij. 

The Vicar of Morwenstow: 

a Memoir of the Rev. R. S. Hawker. 
With Portrait. Third Edition, re- 
vised. Square post 8vo. Cloth, xof. 

GRANVILLE (A. B.), M.D., 

F.R.S..&C. 

Autobiography of A. B. 
Granville, P. R. S., &c. Edited, 
with a brief Account of the concluding 
Vears of his Life, by his youngest 
Daughter, Paulina B. Granville. 2 
vols. With a Portrait. Second Edi- 
tion. Demy 8vo. Cloth, price 32^. 
GREY (John), of Dilston. 

John Grey (of Dilston) : 

Memoirs. By Josephine E. Butler. 
New' and Revi.sed Edition. Crown 
8vo. Cloth, price 3f. 6d. 
GRIFFITH (Rev. T.), A.M. 
Studies of the Divine Mas- 
ter. Demy 8vo. Cloth, price i2J. 
GRIFFITHS (Capt. Arthur). 
Memorials of Millbank,and 
Chapters in Prison History. 
With Illustrations by R. Goff and 
the Author. 2 vols. Post 8vo. Cloth, 
price 2 If. 

GRIMLEY (Rev. H. N.), M.A. 

Tremadoc Sermons, chiefly 

on the SriRiTiTAL Body, the Un.seen 
W0K1.D, and the Divine Humanity. 
Second Edition. Crown 8vo. Cloth, 
price 6s. 

GRUNER(M. L ). 

Studies of Blast Furnace 
Phenomena. Translated by L. D. 
B. Gordon, F.R.S.E., F.G.S. Demy 
8vo. Cloth, price 7s. 6d. 
GURNEY (Rev. Archer). 

Words of Faith and Cheer. 
A Mission of In.struction and Sugges- 
tion. Crown 8vo. Cloth, price 6r. 
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Gwen : A Dran^ in Mono- 
logue. By the Author of the ** Epic 
of Hades.” Second Edition. Fcap. 
8vo. Cloth, price sj. 

HAECKEL (Prof. Ernst). 

The History of Creation. 

Translation revised by Professor E. 
Ray Lankester, M.A., F.R.S. With 
Coloured Plates and Genealogical 
Trees of the various groups of both 
plants and animals. 2 vols. Second 
Edition. Post 8vo. Cloth, price 32^. 

The History of the Evolu- 
tion of Man. With numerous Il- 
lustrations. 2 vols. Large post 8vo. 
Cloth, price 32r. 

Freedom in Science and 
Teaching. From the German of 
Ernst Haeckel, with a Prefatory 
Note by T. H. Huxley, F.R.S. 
Crown 8vo. Cloth, price 5^. 

HAKE (A. Egmont). 

Paris Originals, with twenty 

etchings, by Leon Kicheton. Large 
post 8 VO. Cloth, price 14X. 

Halleck's International 
Law ; or. Rules Regulating the 
Intercourse of States in Peace and 
War. A New Edition, revised, with 
Notes and Cases. By Sir Sherston 
Baker, Bart. 2 vols. Demy 8vo. 
Cloth, price 38^. 

HARCOURT (Capt. A. F. P ). 

The Shakespeare Argosy. 

Containing much of the wealth of 
Shakespeare’s Wisdom and Wit, 
alphabetically arranged and classi- 
fied. Crown 8vo. Cloth, price 6s. 
HARDY (Thomas). 

A Pair of Blue Eyes. New 

Edition. With Frontispiece. Crown 
8vo. Cloth, price 6s. 

The Return of the Native. 
New Edition. With Frontispiece. 
Crown 8vo. Cloth, price Os. 

HARRISON (Lieut.-Col. R.). 
The Officer’s Memoran- 
dum Book for Peace and War. 
Second Edition. Oblong 321x10. 
roan, elastic band and pencil, price 
'3r. 6el. ; russia, 5s. 
HAWEIS(Rev. H. R.), M.A. 
Arrows in the Air. Crown 
8vo. Second Edition. Cloth, price 6s. 


HAWEIS(Rev. H. R.y^oHtinued. 
Current Coin. Materialism — 
The Devil — Crime — Drunkenness—- 
Pauperism — Emotion — Recreation — 
The Sabbath. Third Edition. Crown 
8vo. Cloth, price 6j. 

Speech in Season. Fourth 

Edition. Crown 8vo. Cloth, price gs. 

Thoughts for the Times. 
Eleventh Edition. Crown 8vo. Cloth, 
price 7f. 6 ei. 

Unsectarian Family 

Prayers, for Morning and Evening 
for a Week, with .short selected 
ppsages from the Bible. Second 
Edition. Square crown 8vo. Clotlx, 
price iS. 6 if. 

HAWKER (Robert Stephen). 

The Poetical Works of. 

Now first collected and arranged, 
with a prefatory notice by J. G. 
Godwin. With Portrait. Crown 8vo. 
Cloth, price i2jr 

HELLWALD (Baron P. von). 
The Russians in Central 
Asia. A Critical Examination, 
down to the present time, of the 
Geography and History of Central 
Asia. Translated by Lieut.-Col. 
Theodore Wirgman, LL. B. Large 
post 8vo. With Map. Cloth, 
price i 2 s. 

HELVIG (Major H.). 

The Operations of the Ba- 
varian Army Corps. Tran.slated 
by C.-iptain CJ. S. Schwabe. With 
Five large Maps. In 2 vols. Demy 
8vo. Cloth, price 24J. 

Tactical Examples : Vol. I. 

The Piattalion. price 155. Vol. IT. The 
Regiment and Brigade, i-iice lojr. 6if, 
I'ranslated from the German by Col . 
Sir Lumley Graham. With nurnerou > 
Diagrams. Demy 8vo. Cloth. 
HERFORD (Brooke). 

The Story of Religion in 
England. A Book for Young Folk. 
Crown 8vo. Cloth, price sf. 
HEWLETT (Henry G.). 

A Sheaf of Verse. Fcap. 

8 VO. Cloth, price js. 6d. 
HINTON (James). 

Life and Letters of. Edited 
by Ellice Hopkins, with an Introduc- 
tion by Sir W. W. Gull, Bart., and 
Portrait engraved on Steel by C. H. 
Jeens. Second Edition. Crown 8vo. 
Cloth, 8jr. 6 d. 
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HINTON continued. 

Chapters on the Art of 

Thinkings, and other Essays. 
With an Introduction hy Shadwurth 
Hodgson. Edited l)y C. H. Hinton. 
Crown 8vo. Cloth, price 8j. td. 

The Place of the Physician, 

To which is added Essays on thr 
Law ok Human Like, and on the 
Relation between Okoanic ano 
Inorganic Worlds. Second Edi- 
tion. Crown 8vo. Cloth, price 3^. fid. 
Physiology for Practical 
Use. Hy various Writers. With 50 
Illustrations, avols. Second Edition. 
Crown 8 VO. Cloth, price X2jr. bd. 

An Atlas of Diseases of the 
Membrana Tympani. With De- 
scriptive Text. Post 8 VO. Price ;^66j. 

The Questions of Aural 

Surgery. With Illustrations, avols. 
Post 8vo. Cloth, price i2.f. bd. 

The Mystery of Pain. 

New Edition. Fcap. 8vo. Cloth 
limp, 15 . 

HOCKLEY (W. B.). 

Tales of the Zenana ; or, 

A Nuwah’s I/eisnre Hours. Ily the 
Author of “ Pandnrang I lari.” With 
a iVeface by Lord Stanley of Alder- 
ley. a vols. Crown 8vo. Cloth, 
price ais. 

Pandurang Hari ; or. Me- 
moirs of a Hindoo. A Tale of 
Mahratta Life sixty years ago. With 
a Preface by Sir H. Hartle 1 C. 
Frere, G. C. S. I., &c. New and 
Cheaper P-dition. Crown 8vo. Cloth, 
price 6j. 

HOFFBAUER (Capt.). 

The German Artillery in 
the Battles near Metz. Eased 
on the official reports of the German 
Artillery. Translated hy Capt. PC. 
O. Hollist. With Maji and IMans. 
Demy 8 vo. Cloth, price 215. 
HOLMES CE. G. A ). 

Poems. First and Second 

Series. Fcap. 8vo. Cloth, price 55. 
each. 

HOLROYD (Major W. R. M.). 
Tas-hil ul Kalam ; or, 
Hindustani made Easy. Crown 8vo. 
Cloth, price 55, 


HOOPER (Mary). 

Little Dinners : How to 

Serve them with Elegance and 
Economy. Thirteenth Edition. 
Crawit 8vo. Cloth, price 5.L 

Cookery for Invalids, Per- 
sons of Delicate Digestion, and 
Children. Crowm 8vo. Cloth, price 
3 .C. 6d. 

Every-Day Meals. Being 

Economical and Wholesome Recipes 
for Hrealifast, Luncheon, and Sup- 
per. Second Edition. Crown 8vo. 
Cloth, price 55. 

HOOPER (Mrs. G.). 

The House of Raby. With 

a Frontispiece. Crown 8vo. Cloth, 
price 35. 6 d. 

HOPKINS (Ellice). 

Life and Letters of James 
Hinton, with an Introduction by Sir 
W. W. (Jull, Bart., and Portrait en- 
graved on Steel hy C. H, Jeens. 
Second P'dition. Crown 8vo. f^oth, 
price 8.?. bd. 

HOPKINS (M.). 

The Port of Refuge; or. 

Counsel and Aid to Shipmasters in 
Difficulty, Doubt, or Distress. Crown 
8vo. Second and Revised P'dition. 
Cloth, price 6 s. 

HORNE (William), M.A. 

Reason and Revelation : 

an P'xamination into the Nature and 
Contents of Scrijiture Revelation, as 
comp.ared with other Forms of Truth. 
Demy 8vo. Cloth, price 125. 
HORNER (The Misses). 

Walks in Florence. A New 

and thoroughly Revised Edition. _ 2 
vols. Crown 8vo. Cloth limp. With 
Illustrations. 

Vol. 1 . — Churches, Streets, and 
Palaces. 105.6^. Vol. II. — Public 
Galleries and M useums. 55. 

HOWARD (Mary M.). 

Beatrice Aylmer, and other 

Tales. Crown 8vo. Cloth, price 6 s. 
HOWELL (James). 

A Tale of the Sea, Son- 
nets, and other Poems. Fcap. 
8vo. Cloth, price 55. 

HUGHES (Allison). 

Penelope and other Poems. 
Fcap. 8vo. Cloth, price 45 . 6 d 
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HULL (Edmund <S. P.)« 

The European in India. 

With a Medical Guide for Anglo- 
Indians. By R. R. S. Mair, M.D., 
F.R.C.S.E. Third Edition, Revised 
and Corrected. Post 8vo. Cloth, 
price 6j. 

HUTCHISON (Lieut. Col. F. J.), 
and Capt.G. H. MACGREGOR. 
Military Sketching and Re- 
connaissance. With Fifteen Plates. 
Small 8vo. Cloth , price 6 s. 

The first Volume of Military Hand- 
books for Regimental Officers. Edited 
by Lieut.-Col.C. B. Brackenrury, 
R.A., A.A.G. 

INCHBOLD(J. W.). 

Annus Amoris. Sonnets. 
Fcap. 8vo._ Cloth, price 4^. 
INGELOW (Jean). 

Off the Skelligs. A Novel. 
With Frontispiece. .Second Edition. 
Crown 8vo. Cloth, price 6.v. 

The Little Wonder-horn. 

A Second Series of “ Stories Told to 
a Child.” With Fifteen Illustrations. 
Small 8 VO. Cloth, price 2J. 6 fi. 

Indian Bishoprics. By an 

I ndian Churchman . Demy 8vo. 6 d, 

International Scientific 
Series (The). 

I. Forms of Water : A Fami- 
liar Exposition of the Origin and 
Phenomena of Glaciers. By J. 
Tyndall, LL.D., F.K.S. With 25 
Illustrations. Seventh Edition. Crown 
8vo. Cloth, price 5J. 

II. Physics and Politics ; or. 
Thoughts on the Application of the 
Principles of " N.atural Selection" 
and ** Inheritance** to Political So- 
ciety. By Walter Bagehot. Fourth 
Edition. Crown 8vo. Cloth, price 4J. 

III. Foods. By Edward Smith, 
M.D., &c. With numerous Illus- 
trations. Fifth Edition. Crown 8vo. 
Cloth, price 5J. 

IV. Mind and Body: The Theo- 
ries of their Relation. By Alexander 
Bain, LL.D. Witli Four Illustra- 
tions. Sixth Edition. Crown 8vo. 
Cloth, price 4^. 

V. The Study of Sociolo^^y. 
By Herbert Spencer. Seventh Edition. 
Crown 8vo. Cloth, price 5^. 


International Scientific 
Series (The) — continued, 

VI. On the Conservation of 
Energy. By Balfour Stewart, 
LL.D., &c. With 14 Illustrations. 
Fifth Edition. Crown 8vo. Cloth, 
price sf. 

VII. Animal Locomotion; or, 
Walkir>«T, Swimming, and Flyi n g, 
ByJ. H. Pettigrew, M.D., &c. With 
130 Illustrations. Second Edition. 
Crown 8vo. Cloth, price 5J. 

VIII. Responsibility in Mental 
Disease.^ ^ By Henry Maudsley, 
M • H. 'I'hird Edition. Crown 8vo. 
Cloth, price sf. 

IX. The New Chemistry. By 
Professor J. P. Cooke. With 31 Illus- 
trations. Fourth Edition. Crown 8vo. 
Cloth, price sj. 

X. The Science of Law. By 
Prof. Sheldon Amos. 'I'hird Edition. 
Crown 8vo. Cloth, price 55. 

XI. Animal Mechanism. A 
Treatise on 'J'errestrial and Aerial 
Locomotion. By Prof. E. J. Marey. 
With 1 17 Illustrations. Second 
Edition. Oown 8vo. Cloth, price 

XII. The Doctrine of Descent 
and Darwinism. By Prof. Oscar 
Schmidt. With 26 Illustrations. 
I'liird Edition. Crown 8vo. C^oth, 
price 5J. 

XIII. The History of the Con- 
flict betw-ien Religion and Sci- 
ence. By J. W. Draper, M.D., 
L 1 -.D. Eleventh Edition. Crown 
8vo. Cloth, price $s. 

XIV. Fungi ; their Nature, In- 
fluences, Uses, &c. By M. C. 
CfMike, I..L.D. Edited by the Rev. 
M. J. Berkeley, F.L.S. With nume- 
rous Illustrations. Second Edition. 
Crown 8 VO. Cloth, price sj. 

XV. The Chemical Effects of 
Light and Photography. By Dr. 
Hermann Vogel. With 100 Illustra- 
tions. Third and Revised Edition. 
Crown 8vo. Cloth, price 5J. 

XVI. The Life and Growth of 
Language. By Prof. William 
Dwight Whitney. Second Edition. 
Crown 8 VO. Cloth, price 5J. 

XVII. Money and the Mecha- 
nism of Exchange. By W. Stan- 
ley Jevons, F.R. S. Fourth Edition. 
Crown 8vo. Cloth, price 5J. 
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International Scientific { 
Series (The) — continued. 
XVIII. The Nature of Light: 
With a General Account of Physical 
Optics. By Dr. Eugene Lommel. 
With x88 Illustrations and a table of 
Spectra in Chromo - lithography. 
Second Edition. Crown 8vo. Cloth, 
price 5^. 

XIX. Animal Parasites and 
Messmates. By M. Van Heneden. 
With 83 Illustrations. Second Edi- 
tion. Crown 8vo. Cloth, price cj. 

XX. Fermentation. By Prof. 
Schiitzenberger. With 28 Illustra- 
tions. Second Edition. Crown 8vo. 
Cloth, price 54. 

XXI. The Five Senses of Man. 
By Prof. Bernstein. With 91 Illus- 
trations. Second Edition. Crown 
8vo. Cloth, price 55. 

XXII. The Theory of Sound in 
its Relation to Music. By Prof. 
Pietro Blaserna. With numerous 
Illustrations. Second Edition. Crown 
8vo. Cloth, price 54. 

XXIII. Studies in Spectrum 
Analysis. By J. Norman Eockyer. 
F.R.S. With six photographic Il- 
lustrations of Spectra, and numerous 
engravi^s_ on wood. Crown 8vo. 
Second Edition. Cloth, price 6 s. 6 d. 

XXIV. A History of the Growth 
of the Steam Engine. By Prof. 

R. H. Thurston. With numerous | 
Illustrations. Second Edition. Crown 
8vo. Cloth, price 6 s. 6 d. 

XXV. Education as a Science. 
By Alexander Bain, I.L.D. Second 
Edition. Crown 8vo. C-'loth, price 54. 

XXVI. The Human Species. 
By IVof. A. de Quatrefages. Second 
Edition. Crown 8vo. Cloth, price 54. 
XXVII. Modern Chromatics. 
With Applications to Art and Tndus- 
try, by ()gdcn N. Rood. With 130 
original Illustrations. Crown 8vo. 
Cloth, price 54. 

Forthcoming Volumes. 

Prof. W. Kingdon Clifford, M.A. 
The First Principles of the Exact 
Sciences explained to the Non-raa- 
thematical. 

W. B. Carpenter, LL.D., F.R.S. 
The Physical Geography of the Sea. 
Sir John Lubbock, Bart. F.R.S 
On Ants and Bees. 


International Scientific 
Series (The) — continued. 

Forthcoming Volumes — 

continued. 

Prof. W. T. Thi.selton Dyer, B. A., 
B. Sc. Form and Habit in Flowering 
Plants. 

Prof. Michael Foster, M.D. Pro- 
toplasm and the Cell Theory. 

H. Charlton Ba.stian, M.D., 
F.R.S. The Brain as an Organ of 
Mind. 

Prof. A. C. Ramsay, LL.D., F.R.S. 
Earth Sculpture : Hills, Valleys, 
Mountains, Plains, Rivers, Lakes ; 
how they were Produced, and how 
they have been Destroyed. 

P. Bert (Professor of Phy.siology, 
Paris). Forms of Life and other 
Cosmical Conditions. 

Prof. T. H. Huxley. The Crayfish r 
an Introduction to the Study of 
Zoology. 

The Rev. A Secchi, D.J., late 
Director of the Observatory at Rome. 
The Stars. 

Prof. J. Rosenthal, of the Univer- 
sity ofErlangcn . General Physiology 
of Muscles and Nerves. 

Francis G Alton, F.R.S. Psycho- 
metry. 

J. W. Judd, F.R.S. The Laws of 
Volcanic Action. 

Prof. F. N. Balfour. The Em- 
bryonic Phases of Animal Life. 

J. Luvs, Physician to the Hospice 
de la Salpetricre. The Brain and its 
Functions. With Illustrations. 

Dr. Cart. Semper. Animals and 
their Conditions of Existence. 

Prof. WuRTz. Atoms and the 
Atomic Theory. 

George J. Romanes, F.L.S. Ani- 
mal Intelligence. 

Alfred W. Bennett. A Hand- 
book of Cryptogamic Botany. 

JACKSON (T. Q,). 

Modern Gothic Architec- 
ture. Crown 8vo. Cloth, price 54. 
JACOB (Mai. -Gen. Sir G. Le 
Grand), K.C.S.I., C.B. 
Western India before and 
during the Mutinies. Pictures 
drawn from life. Second Edition. 
Crown 8vo. Cloth, price 74. 6d. 
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JENKINS (E.) and RAYMOND 
aO, Esqs. 

A Legal Handbook for 

Architects, Builders, and Build- 
ing Owners. Second Edition Re- 
vised. Crown 8vo. Cloth, price 6^. 
JENKINS (Rev. R. C.), M.A. 
The Privilege of Peter and 


the Claims of the Roman Church 
confronted with the Scriptures, the 
Councils, and the Testimony of the 
Popes themselves. Fcap. 8vo. Cloth, 
price 3jr. td. 

JENNINGS (Mrs. Vaughan). 
Rahel : Her Life and Let- 


ters. With a Portrait from the 
Painting by Daffinger. Square post 
8vo. Cloth, price ^s. 6d. 


Jeroveam’s Wife and other 
Poems. Fcap. 8vo. Cloth, price 
3J. 6d. 


JEVONS (W. Stanley), M.A., 
F.R.S. 

Money and the Mechanism 
of Exchange. Fourth Edition. 
Crown 8vo. Cloth, price sjf. 

VolumeXVII. of The International 
Scientific Series. 


JONES (Lucy). 

Puddings and Sweets. Being 
Three Hundred and Sixty-Five 
Receipts approved by Exiierience. 
Crown 8 VO., price zs. 6d. 
KAUPMANN (Pev. M.), B.A. 
Utopias; or, Schemes of 
Social Improvement, from Sir 
Thomas More to Karl Marx. Crown 
8vo. Cloth, price 5s. 

Socialism : Its Nature, its 

Dangers, and its Remedies con- 
sidered. Crown 8vo.Cloth,price 7s.6d. 

KAY (Joseph), M.A., Q.C. 

Free Trade in Land. 

Edited by his Widow. With Preface 
by the Right Hon. John Hright, 
M. P. Third Edition. Crown 8vo. 
Cloth, price 55-. 

KER (David). 

The Boy Slave in Bokhara. 

A Tale of Central Asia. With Illus- 
trations. Crown 8vo. Cloth, price 5s, 
The Wild Horseman of 
the Pampas. Illustrated. Crown 
8vo. Cloth, price sj. 


KEENER (Dr. A.), Professor of 
Botany in the University of 
Innsbruck. 

Flowers and theirUnbidden 

Guests. Translation edited by W. 
Oglk, M.A., M.D., and a prefatory 
letter by C. Darwin, F.R.S. With Il- 
lustrations. Sq. 8vo. Cloth, price 9.;. 
KIDD (Joseph), M.D. 

The Laws of Therapeutics, 

or, the Science and Art of Medicine. 
Crown 8vo. Cloth, price 6j. 
KINAHAN(G. Henry),M.R.I.A., 
&c., of her Majesty’s Geological 
Survey. 

Manual of the Geology of 
Ireland. With 8 Plates, 26 Wood- 
cuts, and a Max) of Ireland, geologi- 
cally coloured. Square 8vo. Cloth, 
price 15.9. 

KING (Alice). 

A Cluster of Lives. Crown 

8vo. Cloth, price 7s. 6d. 

KING (Mrs. Hamilton). 

The Disciples. A Poem. 
Third Edition, with some Notes. 
Crown 8vo. Cloth, price js. 6d. 

Aspromonte, and other 
Proems. Second Edition. Fcap. 
T' Cloth, i)rice 4J. 6d. 

K 1 14 GSLEY (Charles), M.A. 
Letters and Memories oi 
his Life. Edited by his Wifk. 
With 2 Steel engraved Portraits and 
numerous Illustrations on Wood, and 
Facsimile of his Handwriting. 
Thirteenth Edition. 2 vols. Demy 
8vo. Cloth, price 36 j. 

Also a Cabinet Edition in 2 
vols. Crown 8vo. Cloth, price i2j. 

All Saints’ Day and other 

Sermons. Second Edition. Crown 
8 VO. Cloth, js, 6d. 

True Words for Brave 

Men: a Book for Soldiers’ and 
Sailors’ Libraries. Fifth Edition. 
Crown 8vo. Cloth, price zs. 6d, 
KNIGHT (A. F. 6.). 

Poems. Fcap. 8vo. Cloth, 

price 5J. 

KNIGHT (Professor W.). 

Studies in Philosophy and 

Literature. Large post 8vo. Cloth, 
price js. 6d. 

LACORDAIRE (Rev. Pire). 

Life : Conferences delivered 
at Toulouse. A New and Cheafier 
Edition. CrownSvo. Cloth,price3r.6d?. 
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Lady of Lipari (The). 

A Poem in Three Cantos. Fcap. 
8vo. Cloth, price sf. 
LAIRD-CLOWES (W.). 

Love’s Rebellion : a Poem. 
Fcap. 8vo. Cloth, price 3f. 
LAMBERT (Cowley), P'.R.G.S. 

A Trip to Cashmere and 
Ladfik. With numerous Illustra- 
tions. Crown 8vo. Cloth, ^s. 6ei. 
LAMONT (Martha MacDonald). 
The Gladiator : A I .ife under 

the Roman Empire in the beginning ; 
of the Third Century. With four j 
Illustrations by H. M. Pnget. Extra ; 
fcap. 8vo. Cloth, price 3J. 6d. ■ 

LAYMANN (Capt.). 

The Frontal Attack of j 

Infantry. Translated by Colonel 
Edward Newdigate. Crown 8vo. 
Cloth, price 2J. 6^. , 

LEANDER (Richard). | 

Fantastic Stories. Trans- | 
lated from the German by Paulina \ 
U. Granville. With Eight full-page j 
Illustrations by M. E. Fraser-Tytler. ■ 
Crown 8vo. Cloth, price 55. 

LEE (Rev. F. G.), D.C.L. 

The Other World; or, 

Glimpses of the Supematur.al. 2 vols. 

A New Edition. Crown Svo. Cloth, 
price 15J. 

LEE (Holme). 

Her Title of Honour. A 

Book for Girls. New Edition. With 
a Frontispiece. Crown Svo. Cloth, 
price sj. 

LENOIR (J.). 

Fayoum ; or, Arti.sts in Egypt. 

A Tour with M. Gcrome and others. 
With 13 Illustrations. A New and 
Cheaper Edition. Crown 8vo. Cloth, | 
price 35. 6fi. \ 

LEWIS (Edward Dillon). ! 

A Draft Code of Criminal j 
Law and Procedure. Demy Svo. j 
Cloth, price 21J. * 

LEWIS (Mary A.). 

A Rat with Three Tales, 

With Four Illustrations by Catherine ■' 
F.Frere. Crown Svo. Cloth, prirre 5s. ; 

LINDSAY (W. Lauder), M.D.,&c. : 
Mindin the Lower Animals . 
in Health and Disease. 2 vols. ! 
Demy Svo. Cloth, price jas. j 


LOCKER (F.). ^ 

London Lyrics. A New and 

Revised Edition, with Additions and 
a Portrait of the Author. Crown Svo. 
Cloth, elegant, price 6#.^ ^ 

Also, a Cheaper Edition. Fc.'ip. 
Svo. Cloth, price 2s. 6fi. 

LOCKYER (J. Norman), F.R.S. 

Studies in Spectrum Ana- 
lysis ; with six photographic illus- 
traiions of Siiectra. and numerous 
engnivings on wood. S'*cond Edi- 
tion. Crown Svo. Cloth, price 6 j. 6d. 

Vol. XXIIl. of U’he International 
Scientific Series. 

LOMMEL (Dr. E.). 

The Nature of Light : With 

a General Account of Physical Optics. 
Second Phlition. With iSS Illustra- 
tions and a Table of Spectra in 
Chromo-lithography. Second Edi- 
tion. Crown Svo. Cloth, price sf. 

Volume XVI II. of The Interna- 
tional Scientific .Series. 

LORIMER (Peter), D.D. 

John Knox and the Church 
of England ; His Work in her Pulpit, 
and^ his Influence upon her Liturgy, 
Articles, and I*arties. Demy Svo. 
Cloth, price I2J. 

John Wiclif and his 
English Precursors, by Gerhard 
Victor Lechler. Translated from 
the German, with additional Notes. 
2 vols. Deray Svo. Cloth, price 2JS. 

LOTHIAN (Roxburghe). 

Dante and Beatrice from 

1283 to 1290. A Romance. 2 vols. 
Post Svo, Cloth, price 2^, 

LUCAS (Alice). 

Translations from the 
Works of German Poets of the 
x8th and 19th Centuries. Fcap. 
Svo. Cloth, price ss. 

MACAULAY (J.), M.A., M.D., 
Edin. 

The Truth about Ireland: 

Tours of Observation in 1872 and 
1875. With Remarks on Irish Public 
Questions. Being a Second Edition 
of Ir.iland in 1872," with a New 
and Simplementary IVeface. Crown 
8vo. C^loth, price 3^. 6d. 
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MAC CLINTOCK (L.). 

Sir Spangle and tne Dingy 

Hen. Illustrated. Square crown 
8vo.« price 2J. td. 

MAC DONALD (G.). 

Malcolm. With Portrait of 
the A uth or enpfravetl on Steel . F ourth j 
Edition. Crown 8vo. Price 6j. j 
The Marquis of Lossie. ! 
Second Edition. Crown 8vo. Cloth, ! 
price 6 j. j 

St. George and St. Michael. | 

Second Edition. Crown 8vo. Cloth, j 

MAC KENNA (S. J.). j 

Plucky Fellows. A Hook | 

for Boys. ^ With Six Illustrations. 
Second Edition. Crown 8vo. Cloth, 
price 3J. td. 

At School with an Old 

Dragoon. With Six Illu.strations. 
Second Edition. Crown 8vo. Cloth, 
price SJ. 

MACLACHLAN(A. N. C.), M.A. 

William Augustus, Duke 

of Cumberland : being a Sketch of 
his Military Life and Character, 
chiefly as exhibited in the General 
Orders of His Royal Highness, 
174s — T747. With Illustrations. Post 
8vo. Cloth, ])rice 15J. 

MACLACHLAN (Mrs.). 

Notes and Extracts on j 
Everlasting Punishment and j 
Eternal Life, according to 1 
Literal Interpretation. Small 
crown 8vo. Cloth, price 3.V. td. 
MACNAUGHT (Rev. J .hn). ! 

Coena Domini; An Essay I 
on the Lord’s Siiy)per, its iVimi- 1 
tive Institution, Apostolic Uses, j 
and Subsequent History. Demy 
8vo. Cloth, price 14JP. { 

MAGNUSSON (Eirikr), M.A., | 
and PALMER(E.H.), M.A. 
Johan Ludvig Runeb erg’s | 
Lyrical Songs, Idylls and Epi- I 
grams. Fcap. 8vo. Cloth, price 5 j. ' 
MAIR (R. S.), M.D., F.R.C.S.E. ' 
The Medical Guide for 

Anglo-Indians. Being a Compen- j 
dium of Advice to Europeans in : 
India, relating to the Preservation 
and Regulation of Health. With a j 
Supplement on the Management of ! 
Children in India. Second Edition. ! 
Crown 8vo. Limp cloth, price 3s. td, i 


MALDEN (H. E. and E. E.) 

Princes and Princesses. 

Illustrated. Small crown 8vo. Cloth, 
price 2J. td. 

MANNING (His Eminence Car- 
dinal). 

Essays on Religion and 

Literature. By various Writers. 
I’hird Series. Demy 8vo. Cloth, 
price io.r. td. 

The Independence of the 

Holy See, with an Appendix con- 
taining tlie Papal Allocution and a 
translation. Cr. 8vo. Cloth, price 5f. 

The True Story of the 

Vatican Council. Crown 8vo. 
Cloth, price 55. 

MAREY (E. J.). 

Animal Mechanics. A 

Treatise on Terrestrial and Aerial 
Locomotion. With 117 Illustrations. 
Second Edition. Crown 8vo. Cloth, 
price 5.9. 

Volume XI. of ITie International 
Scientific Series. 

MARRIOTT (Maj.-Gen. W. F.). 
C .S . I . 

A Grammar of Political 
Economy. Crown 8vo. Cloth, 
price ts. 

Master Bobby ; a Tale. By 

the Author of “ Christina North." 
With Illustrations by E. II. Bell. 
Extra fcap. 8vo. Cloth, price ^s.td. 

MASTERMAN (J.). 

Worth Waiting for. A New 

Novel. 3 vols. Crown 8vo. Cloth. 

Half-a-dozen Daughters. 
With a Frontispiece. Crown 8vo. 
Cloth, price 3s. td. 

MAUDSLEY (Dr. H.). 
Responsibility in Mental 
Disease. Third Edition. Crown 
8vo. Cloth, price 5J. 

Volume VITI. of The International 
Scientific Series. 

MAUGHAN (W. C.). 

The Alps of Arabia; or, 

Travels through Egypt, Sinai, Ara- 
bia, and the Holy Land. With Map. 
Second Edition. Demy 8vo. Clotk, 
price 
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MORSE (E. S.\ Ph.D. 

First Boot of Zoology. 

With numerous Illustrations. Crown 
8vo. Cloth, price sj. 

MORSHEAD (E. D. A.) 

The Agamemnon of 

chylus. Translated into English ' 
verse. With an Introductory Essay. ! 
Crown 8vo. Cloth, price sj. 
MUSGRAVE (Anthony). 

Studies in Political Eco- 
nomy. Crown 8vo. Cloth, price 6 j. 
Mystery of Miracles, The. 

By the Author of “ 'J'he Supernatural 
in^ Nature.” Crown 8vo. Cloth, 
price 6 s. 

NAAKE (J. T.). 

Slavonic Fairy Tales. 

From Russian, Servian, Polish, and 
Bohemian Sources. With Four Illus- 
trations. Crown 8vo. Cloth, price 5^. 
NEWMAN (J. H.), D.D. 
Characteristics from the 
Writings of. Being Selections 
from his various Works. Arranged 
with the Author’s personal approval. 
Third Edition. With Portrait. 
Crown 8vo. Cloth, price 6 j. 

A Portrait of the Rev. Dr. J. H. 
Newman, niouiited for framing, can 
be had, price as. 6 d. 

NEW WRITER (A). 

Songs of Two Worlds. 

Fourth Edition. Complete in one 
volume with Portrait. Fcap. 8vo. 
Cloth, price 7f, 6 d. 

The Epic of Hades. Seventh 
and finally revised Edition. Fcap. 
8vo. Cloth, price ^s. 6 d. 
NICHOLAS (Thomas), Ph.D., 
F.G.S. 

The Pedigree ofthe English 

People : an Argument, Historical 
and Scientific, on the Formation and 
Growth of the Nation, tracing R.'tce- 
admixture in Britain from the earliest 
times, with especial reference to the 
incorporation of the Celtic Abori- 
gines. Fifth Edition. Demy 8vo. 
Cloth, price i6f. 

NICHOLSON (Edward B.). 

The Christ Child, and other 

Poems. Crown 8vo. Cloth, price 

4 ^. 6 ^. 

The Rights of an Animal. 
Crown 8 VO. Cloth, price 3J. 6 d. 


NICHOLSON (Edward B.)-con- 

ttnued. 

The Gospel according to 
the Hebrews. Its Fragments trans- 
lated and annotated with a critical 
Analysis of the Exleriud and Internal 
Kvideiice relating to it. Demy 8vo. 
Cloth, price gs. 6 d. 

NOAKE (Major R. Compton). 

The Bivouac ; or, Martial 

Lyrist, with an Appendix — Advice to 
the Soldier. Fcap. 8vo. Price ss. 6d. 
NORMAN PEOPLE (The). 

The Norman People, and 

their Existing Descendants in the 
British Dominions and the United 
States of America. Demy 8vo. 
Cloth, price 21J. 

NORRIS (Rev. Alfred). 

The Inner and Outer Life 

Poems. Fcap. 8vo. Cloth, price dr. 

Notes on Cavalry Tactics, 
Organization, &c. By a Cavalry 
Officer. With Diagrams. Demy8vo. 
Cloth, price 12s. 

Nuce& : Exercises on the 
Syntax of the Public School 
Latin Primer. New Edition in 
Three Parts. Crown 8vo. Each is. 

The Three Parts can also be 
had bound together in cloth, price 3J. 
O’BRIEN (Charlotte G.). 

Light and Shade. 2 vols. 

Crown 8vo, Cloth, gilt tops, price 
\as. 

O’MEARA (Kathleen). 

Frederic Ozanam, Professor 
of the Sorbonne ; His Life and 
Works. Second Edition. Crown 
8vo. Cloth, price yj. 6 d. 

Oriental Sporting Magazine 
(The). 

A Reprint of the first 5 Volumes, 
in 2 Volumes. Demy 8vo. Cloth, 
price 28;. 

PALGRAVE (W. Gifford). 

Hermann Agha ; An Eastern 

Narrative. Third and Cheaper Edi* 
tion. Crown 8vo. Cloth, price 6s. 

PANDURANG HARI ; 

Or, Memoirs of a Hindoo. 

With an Introductory Preface by Sir 
H. Baltic E. Frere, G.C.S.I., CB. 
Crown 8vo. Price 6 s. 
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PARKS R (Joseph), D.D. 

The Paraclete : An Essay 

on the Personality and Ministry of 
the Holy Ghost, with some reference 
to current discussions. Second Edi- 
tion. Demy 8vo. Cloth, price Z2J. 
PARR (Harriet). 

Echoes of a Famous Year. 

Crown 8vo. Cloth, price Bs. Sd. 
PARSDOE (Joseph). 

Our Railways : Sketches, 
Historical and iSescriptive. With 
Practical Information as to Fares, 
Rates, &c., and a Chapter on Rail- 
way Reform. Crown 8vo. Cloth, 
price 6s. 

PATTISON (Mrs. Mark). 

The Renaissance of Art in 
France. With Nineteen Steel 
Engravings. 2 vols. Demy 8vo. 



Mary Wollstonecraft. 

Letters to Imlay. With Prefatoiy 
Memoir by, and Two Portraits in 
gau Jbrte, by Anna Lea Merritt. 
Crown 8vo. Cloth, price 6s. 
Goethe’s Faust. A New 
Translation in Rime. Crown 8vo. 
Cloth, price 6s. 

William Godwin : His 
Friends and Contemporaries. 
With Portraits and Facsimiles of the 
Hmidwriting of Godwin and his 
Wife. 2 vols. Square post 8vo. 
Cloth, price 28r. 

The Genius of Christianity 

U n veiled. Being Essays by William 
Godwin never before published. 
Edited, with a Preface, by C. 
Kegan Paul. Crown 8vo. Cloth, 
price js. 6{f. 

PAUL (Margaret Agnes). 
Gentle and Simple : A Story. 
2 vols. Crown 8vo. Cloth, gilt tops, 
price X2jr. 

Also a Cheaper Edition in one 
vol. with Frontispiece. Crown 8vo. 
Cloth, price 6^. 

PAYNE (John). 

Songs of Life and Death. 

Crown 8vo. Cloth, price 5^. 

PAYNE (Prof. J. F.). 

Lectures on Education. 

Price 6d. 

11. Frdbel and the Kindergarten 
system. Second Edition. 


PAYNE (Prof. J. Y.)^continued. 

A Visit to German Schools : 
Elementary Schools in Ger- 
many. Notes of a Professional Tour 
to in.spect some of the Kindergartens, 
Primary Schools, Public Girls* 
Schools, and Schools for Technical 
Instruction in Hamburgh, Berlin, 
Dresden, Weimar, Gotha, Eisenach, 
in the autumn of 1874. With Critical 
Discussions of the General Principles 
and Practice of Kindergartens and 
other Schemes of Elementary Edu- 
cation. Crown 8vo. Cloth, price 
AS. 6d. 

PEACOCKE (Georgiana). 

Rays from the Southern 
Cross : Poems. Crown 8vo. With 
Sixteen Full-page Illustrations 
by the Rev. P. Walsh. Cloth elegant, 
price io.r. 6d. 

PELLETAN (E.). 

The Desert Pastor, Jean 

Jarousseau. Translated from the 
French. By Colonel E. P. De 
1 /Hoste. With a Frontispiece. New 
Edition. Fcap. 8vo. Cloth, price 
6d. 

P£:NNELL (H. Cholmondeley). 

Pegasus Resaddled. By 

the Author of ** Puck on Pegasus,” 
&c. &c. With Ten Full-page Illu.s- 
trations by George Du Maurier. 
Second Edition. Fcap. 4to. Cloth 
elegant, price 12s. 6d. 

PENRICE (Maj. J.), B.A. 

A Dictionary and Glossary 
of the Ko-ran. Witli copious Grain- 
niaticul References and Explanations 
of ihe Text. 4to. Cloth, price 21 j. 
PERCIVAL (Rev. P.). 

Tamil Proverbs, with their 
English Translation. Containing 
upwards of Six Thousand Proverbs. 
Third Edition. Demy 8vo. Sewed, 
price Qj. 

PESCHEL (Dr. Oscar). 

The Races of Man and 
their Geographical Distribution. 
Large crown 8vo. Cloth, price gj. 
PETTIGREW (J. Bell), M.D., 
F.R.S. 

Animal Locomotion ; or, 

Walking, Swimming, and Flying, 
With 130 Illustrations. Second Edi- 
tion. Crown 8vo. Cloth, price 5J. 

Volume VII. of The International 
Scientific Series. 
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PFEIFFBR (Emily). 

Quart erman*s Grace, and 
other Poems. Crown 8vo. Cloth, 
price 5s. 

Gian Alarch: His Silence 

and Song. A Poern.^ Second 
Edition. Crown 8vo. price 6j. 
Gerard’s Monument, and 
other Poems. Second Edition. 
Crown 8vo. Cloth, price 6 j. 
Poems. Second Edition. 

Crown 8vo. Cloth, price 6 j. 
PIGGOT (J.), P.S.A., F.R.G.S. 
Persia — Ancient and Mo- 
dern. Post Svo. Cloth, price 10s. 6d. 
PINCHES (Thomas), M.A. 
Samuel Wilberforce : Faith 

— Service — Recompense. Three 
Sermons. With a Portrait of Bishop 
Wilberforce (after a Photograph by 
Charles Watkins). Crown Svo. Cloth, 
price 4jr. 6d. 

PLAYFAIR (Lieut. - Col.), Her 
Britannic Majesty's Consul-General 
in Algiers. 

Travels in the Footsteps of 

Bruce in Algeria ^ and Tunis. 
Illustrated by facsimiles of Bruce’s 
original Drawings, Photographs, 
Maps, &c. Royal 4to. Cloth, 
bevelled boards, gilt leaves, price 
jCs 3^- 

POLLOCK (W. H.). 

Lectures on French Poets. 

Delivered at the Royal Institution. 
Small crown Svo. Cloth, price 5.V. 

POOR (Henry V.). 

Money and its Laws, em- 
bracing a History of Monetary 
Theories and a History of the Cur- 
rencies of the United Stales. Demy 
8vo. Cloth, price 21J. 

POUSHKIN (A. S.). 

Russian Romance. 

Translated from the 'Bales of I ’elkiii, 
&c. By Mrs. J. liuchan Telfer {nee 
Mouraviefn. Crown Svo. Cloth, 
price 7J. 6a. 

POWER (H.). 

Our Invalids : How shall 
we Employ and Amuse Them ? 
Fcap. 8vo. Cloth, price ar. td. 


POWLETT (Lieut. N.), R.A. 
Eastern Legfends and 
Stories in Enpflish Verse. Crown 
Svo. Cloth, price 5^. 

PRESBYTER. 

Unfoldings of Christian 

Hope. An Essay showing that the 
Doctrine contained in the Damna- 
tory Clauses of the Creed commonly 
called Athana.siau is unscripturaf. 
Small crown Svo. Cloth, price 4^. 6d, 

PRICE (Prof. Bonamy). 

Currency and Banking. 

Crown Svo. Cloth, price 6r. 

Chapters on Practical Poli- 
tical Economy. Being the Sub- 
stance of Lectures delivered before 
the University of Oxford. Large 
post Svo. Cloth, price i-^s. 
PROCTOR (Richard A.), B.A. 
Our Place among Infinities. 
A Series e»f Es.says contrasting our 
little abode in .space and time with 
the Infinities around us. To which 
are added Essays on “Astrology,” 
and “'Bhe JewLsh Sabbath." Tmrd 
Edition. Crown Svo. Cloth, price 
65. 

The Expanse of Heaven. 

A Series of Essays on the Wonders 
of the Firmament. With a Frontis- 
piece. Fourth Edition. Crown Svo. 
Cloth, price Cs. 

Proteus and Amadeus. A 

Ct)rresi>ondcnce. Edited by Aubrey 
DeVere. Crown Svo. Cloth, price 5^. 

PUBLIC SCHOOLBOY. 

The Volunteer, the Militia- 
man, and the Regular Soldier. 
Crown Svo. Cloth, price 5J. 

Punjaub (The) and North 

Western Frontier of India. By an 
oKl Punjaubce. Crown Svo. Cloth, 
price 5jr. 

QUATREFAGES (Prof. A. de). 

The Human Species. 

Second Edition. Crown Svo. Cloth, 
jirice yv. 

Vol. X.WI. of The International 
Scientitic Series. 

RAM (James). 

The Philosophy of War. 

Small crown Svo. Cloth, price 3#. 6</. 
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RAVBNSHAW Gohn Henry), 
B.C.S. 

Gaur: Its Ruins and In- 
scriptions. Edited with consider- 
able additions and alterations by his 
Widow. With^ forty-four photo- 
graphic illustrations and twenty-five 
fac-similes of Inscriptions. Super 
royal 4to. Cloth, 13s. 6d. 

READ (Carveth). 

On the Theory of Logic : 
An Essay. Crown 8vo. Cloth, 
price &r. 

REANEY (Mrs. G. S.). 
Blessing and Blessed ; a 
Sketch of Girl Life. With a frontis- 
piece. Crown 8vo. Cloth, price 55. 

Waking and Working ; or, 
from Girlhood to Womanhood. 
With a Frontispiece. Crown 8vo. 
Cloth, price sr. 

English Girls : their Place 

and Power. With a Preface by 
R. W. Dale, M.A., of Birmincham. 
Second Edition. Fcap. 8vu. Cloth, 
price 2S. 6d, 

Just Anyone, and other 
Stories. Three Illustnitions, Roy.al 
i6mo. Cloth, price u. (id. 

Sunshine Jenny and other 
Stories. Three Illustrations. Royal 
i6mo. Cloth, price zj. (id. 

Sunbeam Willie, and other 

Stories. Three Illustrations. Royal 
z6nio. Cloth, price is. 6d, 

RHOADES (James). 

Timoleon. A Dramatic Poem. 

Fcap. 8vo. Cloth, price 5s. 

RIBOT (Prof. Th.). 

English Psychology. Se- 
cond Edition. A Revised and Cor- 
rected Tran.slation from the latest 
French Edition. Large post 8vo. 
CJot>i. price gs 

Heredity : A Psychological 

Stu^ on its Phenomena, its Laws, 
its Causes, and its Conse<}uenc«(. 
Large crown 8vo. Cloth, price gs. 


RINK (Chevalier Dr. Henry). 

Greenland : )ts People and 

its Products. By the Chevalier 
Dr. Hbnry Rink, President of the 
Greenland Board of Trade. With 
sixteen Illustrations, drawn by the 
Eskimo, and a Map. Edited hy Dr. 
Robert Brown. Crown 8vo. Price 
loj. 6d. 

ROBERTSON (The Late Rev. 
P. W.), M.A., of Brighton. 
Notes on Genesis. New 

and cheaper Edition. Crown 8vo., 
price 2S. 6d. 

Sermons. Four Series. Small 

crown 8vo. Cloth, price 3^. 6d. each. 

Expository Lectures on 
St. Paul’s Epistles to the Co- 
rinthians. A New Edition. Small 
crown 8vo. Cloth, price 5^. 

Lectures and Addresses, 

with other literary remains. A New 
Edition. Crown 8vo. Cloth, price sr. 

An Analysis of Mr. Tenny- 
son’s ** In Memoriam.** (Dedi- 
cated by Permission to the Poet- 
Laureate.) Fcap. 8 VO. Cloth, price 2f. 

The Education of the 

Human Race. Translated from 
the German of Gt>tthoW Ephraim 
Lessing. Fcap. 8vo. Cloth, price 
2J. 6d. 

Life and Letters. Edited by 

the Rev. Stopford Brooke, M.A., 
Chaplain in Ordinary to the Queen. 

I. 2 vols,, uniform with the Ser- 
mons. With Steel Portrait. Crown 
8vo. Cloth, price ys. 6d. 

II. Library Edition, in Demy 8vo., 
with Two Steel Portraits. Cloth, 
price T2J. 

III. A Popular Edition, in one vol. 
Crown 8vo. Cloth, price 6s. 

The ab€rve Works can also be had 
ha^-bound in morocco. 

*** A Portrait of the late Rev. F. W. 
Robertson, mounted for framing, can 
be had, price . 6d. 

ROBINSON (A. Mary P.). 

A Handful of Honey- 
suckle. Fcap. 8vo. Cloth, price 
3f. 6d. 
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RODWELLr (G« P.), P.R.A.S., 
F.C.S. 

Etna : a History of the 
Mountain and its Eruptions. 
With Maps and Illustrations. Square 
8vo, Cloth, price gs, 

ROOD (Ogden N.). 

Modern Chromatics, with 
Applications to Art and In> 
dustry. With 130 Original Illus- 
trations. Crown 8vo. Cloth, price 5 
Vol. XXVII. of The International 
Scientific Series. 

ROSS (Mrs. E.), (“Nelsie Brook”). 
Daddy’s Pet. A Sketch 

froin Humble Life. With Six Illus- 
trations. Royal i6mo. Cloth, price is. 
ROSS (Alexander), D.D. 

Memoir of Alexander 

Ewing, Bishop of Argyll and the 
Isles, second and Cheaper Edition. 
Demy 8vo. Cloth, price 10s. 6d. 
RUSSELL (Major Frank S.). 
Russian Wars with Turkey, 
Past and Present. With Two Maps. 
Second Edition. Crown 8vo. .price 6x. 
RUTHERFORD Hohn). 

The Secret History of the 
Fenian Conspiracy; its Origin, 
Objects, and Ramifications, a vols. 
Post 8 VO. Cloth, price i8x. 
SADLER (S. W.), R.N. 

The African Cruiser. A 
Midshipman’s Adventures on the 
West Coast. With Three Illustra- 
tions. Second Edition. Crown 8vo. 
Cloth, price 3X. 6ti. 

SAMARO>V (G.). 

For Sceptre and Crown. A 

Romance of the Present Time. 
Translated by Fanny Wormald. a 
vols. Crown 8vo. Cloth, price isx. 
SAUNDERS (Katherine). 

Gideon’s Rock, and other 

Stories. Crown 8vo. Cloth, price 6s. 

Joan Merry weather,and other 
Stories. Crown 8vo. Cloth, price 6j. 
Margaret and Elizabeth. 

A Story of the Sea. Crown 8vo. 
Cloth, price 6s. 

SAUNDERS (John). 

Israel Mort, Overman : A 
Story of the Mine. Cr. 8vo. Price 6x. 
Hirell. With Frontispiece. 
Crown 8vo. Cloth, price 3X. 6d. 

Abel Drake’s Wife. With 

Frontispiece. Crown 8vo. Cloth, 
price 3s. 6d. 


SCHELL (Maj. von). 

The Operations of the 
First Army under Gen. von 
Goeben. Translated by Col. C. H. 
von Wright. Four Maps. Demy 
8vo. Cloth, price gr. 

The Operations of the 
First Army under Gen. von 
Steinmetz. Translated by Captain 
E. O. Hollist. Demy 8vo. Cloth, 
price lox. 6d. 

SCHELLENDORF (Maj.-Gen. 
B. von). 

The Duties of the General 
Staff. Translated from the German 
by Lieutenant Hare. Vol. I. Demy 
8vo. Cloth, xox. 6d. 

SCHERFF ^Maj. W. von). 
Studies in the New In- 
fantry Tactics. Parts I. and II. 
Translated from the German by 
Colonel Lumley Graham. Demy 
8vo. Cloth, price ^s. 6d. 
SCHMIDT (Prof. Oscar). 

The Doctrine of Descent 
and Darwinism. With 26 Illus- 
trations. Third Edition. Crown 
8vo. Cloth, price m. 

Volume XI I. of The International 
Scientific Series. 

SCHUTZENBERGER(Prof.F.). 
Fermentation. With Nu- 
merous Illustrations. Second Edition. 
Crown 8 VO. Cloth, price 5J. 

Volume XX. of The International 
Scientific Series. 

SCOTT (Leader). 

A Nook in the Apennines: 

A Summer beneath the Chestnuts. 
With Frontispiece, and 27 Illustra- 
tions in the Text, chiefly from 
Original Sketches. Crown 8vo. 
Cloth, price •js. 6d. 

SCOTT (Patrick). 

The Dream and the Deed, 

and other Poems. Fcap. 8vo. Cloth, 
price 

SCOTT (W. T.). 

Antiquities of an Essex 

Parish ; or. Pages from the History 
of Great D unmow. Crown 8vo. 

Cloth, price ks. Sewed, 4s. 
SCOTT (Robert H.). 

Weather Charts and Storm 
Warnings. Illustrated. SecondEdi- 
tion. Crown 8vo. Cloth, price 3X. 6d. 

Seeking his Fortune, and 
other Stones. With Fotir Illustra- 
tions. Crown 8 VO. Cloth, price 3x.6<f. 
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SENIOR (N. W.). 

Alexis De Tocqueville. 

Correspondence and Conversations 
with Nassau W. Senior, from 1833 to 
1859. Edited by M. C. M. Simpson. 

. a voLs. Large post 8vo. Cloth,price 21s. 

Journals Kept in France 
and Italy. From 1848 to 1852. 
With a Sketch of the Revolution of 
1848. Edited by his Daughter, M. 
C. M. Simpson. 2 vols. Post 8vo. 
Cloth, price 24J. 

Seven Autumn Leaves from 
Fairyland. Illustrated with Nine 
Etchings. Square crown 8 vo. Cloth, 
price 3^. 6d. 

SHADWELL (Maj.-Gen.), C.B. 
Mountain Warfare. Illus- 
trated by the Campaign of 1799^ in 
Switzerland. Being a Translation 
of the Swiss Narrative compiled from 
the Works of the Archduke Charles, 
Tomini, and others. Also of Notes 
by General JI. Dufour on the Cam- 
paign of the Valtelline in 1635. With 
Appendix, Maps, and Introductory 
Remarks. Demy 8vo. Cloth, price i6s. 
SHAKSPEARE (Charles). 

Saint Paul at Athens : 

Spiritual Christianity in Relation to 
some Aspects of Modern 'rhought. 
Nine Sermons preached at St. Ste- 
phen’s Church, Westboume Park. 
With Preface by the Rev. Canon 
Fakrar. Crown 8 vo . Cloth, price 55. 
SHAW (Major Wilkinson). 

The Elements of Modem 

Tactics. Practically applied to 
Engli.sh Formation.s. With Twenty- 
five Plates and M.'ips. Small crcw'ii 
8vo. Cloth, price 12J. 

Th“ Second Volume of Mili- 
tary Handbooks for Officers and 
Non-commissioned Oificens.” Edited 
by Lieut.-Col. C. B. Brackenbury, 
R.A., A.A.G. 

SHAW (Flora L.). 

Castle Blair; a Story of 
Youthful Lives. 2 vols. Crown 8vo. 
Cloth, ^ilt tops, price 12.S. Also, an 
edition in one vol. Crown 8vo. 6«. 
SHELLEY (Lady). 

Shelley Memorials from 
Authentic Sources. With (now 
first printed) an Essay on Christian- 
ity by Percy Bysshe Shelley. With 
Portrait. Third Edition. Crown 
8vo. Cloth, price 5^. 


SHERMAN (Gen. W. T.). 
Memoirs of General W. 
T. Sherman, Commander of the 
Federal Forces in the American Civil 
War. By Himself. 2 vols. With 
Map. Demy 8vo Cloth, price 24^. 
Cc^right English Edition. 

SHILLITO (Rev. Joseph). 

Womanhood : its Duties, 

Temptations, and Privileges. A Book 
for Young Women. Second Edition. 
Crown 8vo. Price 3s. 6d. 

SHIPLEY (Rev. Orby). M.A. 

Principles of the Faith in 

Relation to Sin. Topics for 
Thought in Times of Retreat. 
Eleven Addresses. With an Intro- 
duction on the neglect of Dogmatic 
Theology in the Church of England, 
and a Postscript on his leaving the 
Church of England. Demy 8vo. 
Cloth, price J2S. 

Church Tracts, or Studies 

in Modern Problems. By various 
Writers. 2 vols. Crown 8vo. Cloth, 
price 5Jr. each. 

SHUTE (Richard), M.A. 

A Discourse on Truth. 

Large Post 8vo. Cloth, price 9*. 
SMEDLEY (M. B.). 
Boarding-out and Pauper 
Schools^ for Girls. Crown 8vo. 
Cloth, price 3^. 6d. 

SMITH (Edward), M.D., LL.B., 
F.R.S. 

Health and Disease, as In- 
fluenced by the Daily, Seasonal, and 
other Cyclical Changes in the Human 
System. A New Edition. PostSvo. 
Cloth, price 7s. 6d. 

Foods. Profusely Illustrated. 
Fifth Edition. Crown 8vo. Cloth, 
price 5s. 

Volume III. of The International 
Scientific Series. 

Practical Dietary for 

Families, Schools, and the La- 
bouring Classes. A New Edition. 
Post 8vo. Cloth, price 3^. 6d. 

Tubercular Consumption 
in its Early and Remediable 
Stages. Second Edition. Crown 
8vo. Cloth, price 6.r. 



C. Kegan Paul 6- Co*s Publications. 


27 


SMITH (Hubert. 

Tent Lfife ivith English 
Gipsies in Norway. With Five 
full-page Engravings and Thirty-one 
smaller Illustrations by Whymper 
and others, and Map of the Country 
showing Routes. Third Edition. 
Revised and Corrected. Post 8vo. 
Cloth, price :tis. 

Songs of Two Worlds. By 

the Author of “ The Epic of Hades.** 
Fourth Edition. Complete in one 
Volume, with Portrait. Fcap. 8vo. 
Cloth, price is. 6d. 

Songs for Music. 

By Four Friends. Square crown 
8vo. Cloth, price sr. 

Containing songs by Reginald _A. 
Catty, Stephen H. Catty, Creville 
J. Chester, and Juliana Ewing. 
SPEDDING (James). 

views and Discussions, 
Literary, Political, and His- 
torical not relating to Bacon. 
Demy 8vo. Cloth, price i2jr. 6</. 

SPENCER (Herbert). 

The Study of Sociology. 
Seventh Edition. Crown 8vo. Cio^, 
price 5J. 

Volume V. of The International 
Scientihe Series. 

SPICER (H.). 

Otho’s Death Wager. A 

Dark Page of History Illustrated. 
In Five Acts. Fcap. 8vo. Cloth, 
price 5^'. 

STAPLETON (John). 

The Thames : A Poem. 

Crown 8vo. Cloth, price 6r. 

STEPHENS (Archibald John), 
LL.D. 

The Folkestone Ritual 
Case. The Substance of the Argu- 
ment delivered before the Judicial 
Committee of the Privy Council. On 
behalf of the Respuadents. Demy 
8vo. Cloth, price 6s. 

STEVENSON (Robert Louis). 
An Inland Voyage. With 

Frontispiece by Walter Crane. 
Crown 8vo. Cloth, price yr. 6d. 

Travels with a Donkey in 

the Cevennes. With Frontispiece 
by Walter Crane. Crown 8vo. Cloth, 
price IS. 6d. 


STEVENSON (Rev. W. F.). 

Plymns for the Church and 

Home. Selected and Edited by the 
Rev. W. Fleming Stevenson. 

The most complete Hymn Book 
published. 

The Hymn Book consists of Three 
Parts : — 1. For Public Worship. — 

1 1. For Family and Private Worsmip. 
— HI. For Children. 

Published in various forfns and 
prices f the latter ranging' from 8d. 
to 6s. Lists and full particulars 
will be fuiiiished on application to 
•the Publishers. 

STEWART(Prof. Balfour), M.A., 
LL.D., F.R.S. 

On the Conservation of 
Energy. Fifth Edition. With 
Fourteen Engravings. Crown 8vo. 
Chith, price ^s. 

Volume VI. of The International 
Scientific Series. 
STONEHEWER (Agnes). 
Monacella : A Legend of 
North Wales. A Poem. Fcap. 8ro. 
Cloth, price 6d. 

STORK (Francis), and TURNER 
(Hawes). 

Canterbury Chimes ; or, 

Chaucer Tales retold to Children. 
With Illustrations from the Elles- 
mere MS. Extra Fcap. 8vo. Cloth, 
price 3J. 6d. 

STRETTON (Hesba). Author of 
“Jessica's First Prayer.” 

Michel Lorio’s Cross, and 
other Stories. With Two Illustra- 
tions. Royal i6mo. Cloth, price ir.6<f. 

The Storm of Life. With 

Ten Illustrations. Twenty-firstThou- 
sand. Royal z6mo. Cloth,price xs. 6d. 

The Crew of the Dolphin. 

Illustrated. Fourteenth Thousand. 
Royal i6nio. Cloth, price xs. 6d. 
Cassy. Thirty-eighth Thou- 
sand. With Six Illustrations. Royal 
i6ino. Cloth, price xs. 6d. 

The King’s Servants. 

Forty-third Thousand. With Eight 
Illustrations. Royal i6mo. Cloth, 
price xs. 6d. 

Lost Gip. Fifty-ninth Thou- 
sand. With Six Illustrations. Roya 
i6mo. Cloth, price if. 6d. 

Also a handsomely bound Edi- 
tion, with Twelve Illustrations, 
Price 2f. 6d. 
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STRBTTON (Hesba) — contintted, 
David Lloyd's Last Will. 
With Four Illustrations. Royal 
x 6 mo.> price as, 6d. 

The Wonderful Life. 

Thirteenth Thousand. Fcap. 8 vo. 
Cloth, price as. 6d. 

A Man of His Word. 

With Frontispiece. Royal i 6 mo. 
Limp cloth, price 6d. 

A Nig^ht and a Day. With 
Frontispiece. Twelfth Thousand. 
Royal i 6 mo. Limp cloth, price 6d. 
Friends till Death. With 
Illustrations and Frontispiece. 
Twenty-fourth Thousand. Royal 
z 6 mo. Cloth, price is, 6d,\ limp 
cloth, price 6d. 

Two Christmas Stories. 

With Frontispiece. Twenty-first 
Thousand. Royal i 6 mo. Limp 
cloth, price 6d. 


Michel Lorio's Cross, and 
Left Alone. With Frontispiece. 
Fifteenth Thousand. Royal x 6 mo. 
Limp cloth, price 6d. 

Old Transome. With 

Frontispiece. Sixteenth Thousand. 
Royal xfimo. Limp cloth, price 6d. 
%* Taken from “The King’s 
Servants.” 


The Worth of a Baby, and 
how Apple-Tree Court was 
won. With Frontispiece. Nineteenth 
Thousand. Royad i 6 mo. Limp 
cloth, price 6d. 

Through a Needle’s Eye : 
a Story. 2 vols. Crown 8 vo. Cloth, 
gilt top, price X 2 J. 

STUBBS (Lieut.-Colonel P. W.) 
The Regiment of Bengal 
Artillery. The History of its 
Organization, Equipment, and War 
Services. Compiled from Published 
Works, Official Records, and various 
Private Sources. With numerous 
Maps and Illustrations. 2 vols. 
Demy 8 vo. Cloth, price 32 ^. 
STUMM (Lieut. Hugo), Oerman 
Military Attach^ to the lOiivan Ex- 
pedition. 

Russia's advance East- 
ward. Based on the Official Reports 
of. Translated by Capt. C. E. H. 
Vincent. With Map. Crown 8vo. 
Cloth, price 6 r. 


SULLY (Jaxnea), M.A. 

Sensation and Intuition. 

Demy 8 vo. Cloth, price xor. 6d. 
Pessimism : a History and 
a Criticism. Demy 8 vo. Price X 4 J. 
Sunnyland Stories. 

By the Author of “Aunt Mary’s Bran 
Pie.” Illustrated. Small 8 vo. Cloth, 
price 3 J. 6d. 

Supernatural in Nature, The. 

AVerification by FreeUse of Science. 
Demy 8 vo. Cloth, price X 4 Z. 

Sweet Silvery Sayings of 
Shakespeare. Crown 8 vo. Cloth 
gilt, price rj. 6d, 

SYME (David). 

Outlines of an Industrial 
Science. Second Edition. Crown 
8 vo. Cloth, price 6 j. 

Tales of the Zenana. 

By the Author of “ Pandurang 
Hari.’’ 2 vols. Crown 8 vo. Cloth, 
price 2 xr. 

TAYLOR (Algernon). 

Guienne. Notes of an Autumn 
Tour. Crown 8 vo. Cloth, price 4 X. 6d. 
TAYLOR (Rev. J. W. A.), M.A. 
Poems. Fcap. 8vo. Cloth, 
price 5S. 

TAYLOR (Sir H.). 

Works Complete. Author's 
Edition, in 5 vols. Crown 8 vo. 
Cloth, price 6s. each. 

Vols. I. to III. containing the 
Poetical Works, Vols. IV. and V. 
the Prose Works. 

TAYLOR (Col. Meadows), C.S.I., 
M.R.I.A. 

A Noble Queen : a Romance 

of Indian History. 3 vols. Crown 
8 vo. Cloth. 

Seeta. 3 vols. Crown 8vo. 

Cloth. 

Tippoo Sultaun : a Tale of 
the Mysore War. New Edition with 
Frontispiece. Crown 8 vo. Cloth 
I>rice 6 j. 

Ralph Darnell. New and 
Cheaper Edition. With Frontis- 
piece. Crown 8 vo. Cloth, price 6s, 

The Confessions ofa Thug. 
New Edition. Crown 8 vo. Cloth, 
price 6s. 

Tara : a Mahratta Tale. 

New Edition. Crown 8 vo. Cloth, 
price 6 j. 
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TBI^FBR (J. Buchan), F.R.O.S., | T 
Commanaer, B.N. 

The Crimea and Trans- 1 

Caucasia. With numerous Illus- 
trations and Maps. 2 vols. Medium 
8vo. Second Edition. Cloth, price 36*. 
TENNYSON (Alfred). 

The Imperial Library Edi- 
tion. Complete in 7 vols. DemySvo. 
Cloth, price 6^- \ •Rox- 

burgh binding, jCi 7 ^- 

Author’s Edition. Complete 
in 6 Volumes. Post 8vo. Cloth gilt ; 
or half-morocco, Roxburgh style 

VoL. I. Early Poems, and 
English Idylls. Price 6f. ; Rox- 
burgh, "js, 6d. 

VoL. II. Locksley Hall, 
Lucretius, and other Poems. 
Price 6s. ; Roxburgh, js. 6d. 

VoL. III. The Idylls of 

the King {Complete). Price js. 6d.\ 
Roxburgh, 9^* _ 

VoL. IV. The Princess, and 
Maud. Price 6f.; Roxburgh, 7f. 6^- 
VOL. V. Enoch Arden, 
and In Memoriam. Price 6s, ; 
Roxburgh, ^s. 6d. ^ 

V 0 L.VI. Dramas. Price 7 j.; 

Roxburgh, 8f. 6d. ^ 

Cabinet Edition, 12 vols. 

Each with Frontispiece. Fcap. 8vo. | 
Cloth, price 2J. 6 d. each. 

Cabinet Edition, la vols. Com- 
plete in handsome Ornamental Case. 

Pocket Volume Edition. 
13 vols. In neat case, 36s. Ditto, 
ditto. Extra cloth gilt, in case, 42#. 

The Royal Edition. Com- 
plete in one vol. Cloth, x6s. Cloth 
extra, iSr. Roxburgh, half morocco, 
price 20f . _ , . . 

The Guinea Edition. Com- 
plete in 12 vols., neatly bound and 
enclosed in box. Cloth, price 21J. 
French morocco, price 31J. 6d. 

The Shilling Edition of the 

Poetical and Dramatic Works, in la 
vols., pocket size. Price is. each. 

The Crown Edition. Com- 
plete in one vol., strongly bound In 
cloth, price 6s. Cloth, extra gUt 
leaves, price 7s. 6d. Roxburgh, 
half morocco, price 8f. 6d. 

*** Can also be had in a variety 
of other bindings. 


TENNYSON (Alfred)-r«.tf«wrf- 
Onginal Editions : 

The Lover’s Tale. (Now 

for the first time published.) Fcap. 
8vo. Cloth, 3s. 6d. 

Poems. Small 8vo. Cloth, 
price dr. 

Maud, and other Poems. 

Small 8vo. ^ Cloth, price jr. 6d, 

The Princess. Small 8vo, 
Cloth, price 3^. 6d. 

I ldylls of the King. Small 

Bvo. Cloth, price 54. 

Idylls of the King. Com- 
plete. Small 8vo. Cloth, price 6«. 
The Holy Grail, and other 
Poems. Small Bvo. Cloth, price 
4r. 6d. 

Gareth and Lynette. Small 

8vo. Cloth, price 3s. 

Enoch Arden, &c. Small 
8vo. Cloth, price 3s. 6d. 

In Memoriam. Small 8vo. 
Cloth, price 4X. 

Queen Mary. A Drama. 
New Edition. Crown 8vo. Cloth, 
price 6f. 

Harold. A Drama, Crown 
8vo. Cloth, price 6 j. 

Selections from Tenny- 
son’s Works. Super royd x6mo. 
Cloth, price 3s. 6d. Cloth gilt extra, 

Songs from Tennyson’s 

Works. Super royal i6mo. Cloth 
extra, price 3s. 6d. ^ 

Also a cheap edition. lomo. 
Cloth, price 2r. 6d. 

Idylls of the King, and 

other Poems. Illustrated by Julia 
Margaret Cameron. 2 vols. Folio. 
Half-bound morocco, cloth rides, 
price jQ6 6s. each. 

Tennyson for the Young and 
for Recitation. Specially arranged. 
Fcap. Bvo. Price is. 6d. 
Tennyson Birthday Book. 
Edited by Emily Shakespear. samo. 
Cloth limp, 2J. ; cloth extra, . 

A superior edition, printed la 
red and black, on antique paper, 
specially prepared. Small crovm Bvo. 
Cloth, extra gilt leaves, price ss . ; 
and in various calf and morocco 
bindings. 
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THOMAS (Moy). 

A Fight for Lrife. With 

Frontispiece. Crown 8vo. Cloth, 
price 3r. 6 d, 

THOMPSON (Alice C.). 

Preludes. A Volume of 

Poems. Illustrated by Elizabeth 
Thompson (Painter of “The Roll 
Call 8vo. Cloth, price yr. 6d. 

THOMPSON (Rev. A. S.). 
Home Words for Wan- 
derers. A Volume^ of Sermons. 
Crown 8vo. Cloth, price 6s. • 

THOMSON O- Turnbull). 

Social Problems ; or, an In- 
quiry into the Law of Influences. 
With Diagrams. Demy 8vo. Cloth, 
price 70S. 6d. 

Thoughts in Verse. 

Small Crown 8vo. Cloth, price is. 6d. 
THRING (Rev. Godfrey), B.A. 
Hymns and Sacred Lyrics. 
Fcap. 8vo. Cloth, price ss. 
THURSTON (Prof. R. H,). 

A History of the Growth 
of the Steam Engine. With 
numerous Illu-strations. Second 
Edition. Crown 8vo. Cloth, price 
6s. 6d. 

TODHUNTER (Dr. J.) 

Alcestis : A Dramatic Poem. 
Extra fcap. 8vo. Cloth, price 5J. 

Laurella ; and other Poems. 
Crown 8vo. Cloth, price 6j. 6d. 

TOLINGSBY (Frere). 

Blnora. An Indian Mytho- 
logical Poem. Fcap. 8vo. Cloth, 
price 6s. 

TRAHERNE (Mrs. A.). 

The Romantic Annals of 
a Naval Family. A New and 
Cheaper Edition. Crown 8vo. 
Cloth, price sr. 

Translations from Dante, 
Petrarch, Michael Angelo, and 
Vittoria Colonna. Fcap. 8vo. 
Cloth, price 7s. 6d. 

TURNER (Rev. C. Tennyson). 
Sonnets, Lryrics, and Trans- 
lations. Crown 8 VO. Cloth, price 
4s. 6d. 


T Y N D A LL (Johp), LL. D. , F. R.S. 
Forms of Water. A Fami- 
liar Exposition of the Origin and 
Phenomena of Glaciers. With 
Twenty-five Illustrations;. Seventh 
Edition. Crown 8vo. Cloth, price 55. 

Volume I. of The International 
Scientific Series. 

VAN BENEDEN (Mons.). 

Animal Parasites and 

Messmates. With 83 Illustrations. 
Second Edition. Cloth, price sr. 

Volume XTX. of The International 
Scientific Series. 

VAUGHAN (H. Halford), some- 
time Regius Professor of Modern 
History in Oxford University. 
New Readings and Ren- 
derings of Shakespeare’s Tra- 
gedies. Vol. I. Demy 8vo. Cloth, 
price 15*. 

VILLA RI (Prof.). 

Niccolo Machiavelli and 
His Times. Tr.inslated by Linda 
Vill.-iri. 2 vols. Large post 8vo. 
Cloth, price 24s. 

VINCENT (Capt. C. E. H.). 
Elementary Military 
Geography, Reconnoitring, and 
Sketching. Compiled for Non- 
Commissioned Olficers and Soldiers 
of all Arms. Square crown 8vo. 
Cloth, price 2s. 6d. 

VOGEL (Dr. Hermann). 

The Chemical effects of 

Light and Photography, in their 
application to Art, Science, and 
Industry. The translation thoroughly 
revised. With too Illustrations, in- 
cluding some beautiful specimens of 
Photography. Third Edition. Crown 
8vo. Cloth, price sf. 

Volume XV. of The Internationa 
Scientific Series. 

VYNER (Lady Mary). 

Every day a Portion. 
Adax>ted from the Bible and the 
Prayer Book, for the Private Devo- 
tions of those living in Widowhood. 
Collected and edited by Lady Mary 
Vyner. Square crown 8vo. ClotA 
extra, price 5^. 

WALDSTEIN (Charles), Ph. D. 

The Balance of Emotion 

and Intellect : An Essay Intro- 
ductory to the Study of Philosophy. 
Crown 8vo. Cloth, price 6ff. 
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WALrLrERCRev. O. B.) 

The Apocalypse, Reviewed 

under the Light of the Doctrine of 
the^ Unfolding Ages and the Resti- 
tution of all Things. Demy 8vo. 
Cloth, price I2J. 

WALTERS (Sophia Lydia). 

The Brook : A Poem. Small 

. crown 8vo. Cloth, price 3J. 6rf. 

A Dreamer’s Sketch Book. 

With Twenty-one Illustrations by 
Percival Skelton, R. P. Lcitch, 
W. H. J. Boot, and 1 ’. R. Pritchett. 
Engnived by J. D. Cooper. Fcnp. 
4to. Cloth, price 12s. td. 
WARTENSLEBEN (Count H. 
von). 

The Operations of the 

South Army in January and 
February, 187X. Compiled from 
the Official War Documents of the 
Head-quarters of the Southern Army. 
Translated by Colonel C. H. von 
Wright. With Maps. Demy 8vo. 
Cloth, price 

The Operations of the 
First Army under Gen. von 
Manteuffel. Translated by Colonel 
C. H. von Wright. Uniform with 
the above. Demy 8vo. Cloth, price 

WATERFIELD, W. 

Hymns for Holy Days and 
Seasons. 32mo. Cloth, price \s, 6 d, 
WATSON (Sir Thomas), Bart., 
M.D. 

The Abolition of JZymolic 

Diseases, and of other similar ene- 
mies of Mankind. Small crown 8vo. 
Cloth, price 3J. 6 d. 

WAY (A.), M.A. 

The Odes of Horace Lite- 
rally Translated in Metre. Fcap. 
8vo. Cloth, price 2s. 

WELLS (Capt. John C.), R.N. 

Spitzbergen — The Gate- 

way to the Polynia ; or, A Voyage 
to Spitzbergen. With numerous Il- 
lustrations by Whymper and other^ 
and Map. New and Cheaper Edi- 
tion. Demy 8vo. Cloth, price 6^. 

Wet Days, by a Farmer. 

Small crown 8vo. Cloth, price 6 s. 

WETMORE(W. S.). 

Commercial Telegraphic 
Code. Second Edition. Post 410. 
Boards, price 400. 


WHITAKER (Florence). 

Christy’s Inheritance. A 

London Story. Illustrated. Royal 
x6mo. Cloth, price rs. 6 d. 

WHITE (A. D.), LL.D. 

Warfare of Science. With 

Prefatory Note by Professor Tyndall. 
Second Edition. Crown 8vo. Cloth, 
price 3J. 6^f. 

WHITNEY (Prof. W. D.) 

The Life and Growth of 
Language. Second Edition. Crown 
8^0. Cloth, price 5J. Copyright 
Edition. 

Volume XVI. of The International 
Scientific Series. 

Essentials of English 
Grammar for the Use of Schools. 
Crown 8vo. Cloth, price 3^. 6a. 
WICKHAM (Capt. E. H., R.A.) 
Influence of Firearms upon 
Tactics : Hi.storical and Critical 
Investigations. By an Officer of 
Superior Rank (in the German 
Army). Translated by Captain E. 

H. Wickham, R.A. Demy 8vo. 
Cloth, price 7jr. 6 d. 

WICKSTEED (P. H.). 

Dante : Six Sermons. Crown 
8vo. Cloth, price 5J. 

WILLIAMS (A. Lukyn). 

Famines in India ; their 

Causes and Possible Prevention. 
The Essay for the Le Bas Prize, 1875. 
Demy 8vo. Cloth, price ss. 
WILLIAMS (Charles), one of the 
Special Correspondents attached to 
the Staff of Ghazi Ahmed Mouktar 
Pasha. ■ 

The Armenian Campaign : 

Diary of the Campaign of 1877 in 
Armenia and Koordistan. With 
Two Special Maps. Large post 8vo. 
Cloth, price loj. 6 d. 

WILLIAMS (Rowland), D.D. 
Life and Letters of, with Ex- 
tracts from his Note-Boolu. Edited 
by Mrs. Rowland Williams. With 
a Photographic Portrait. _ 2 vols. 

I. arge post 8vo. Cloth, price 24^. 

Stray Thoughts from the 
Note-Books of the Late Row- 
land Williams, D.D. Edited by 
his Widow. Crown 8va. Ootl^ 
prise 3ff. 6 d. 
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WILLIAMS (Rowland), D.D.— 

continued. 

Psalms, Litanies, Coun- 
sels and Collects for Devout 
Persons. Edited by his Widow. 
New and Popular Edition. Crown 
8va Cloth, price sr. td. 

WILLIS (R.), M.D. 

Servetus and Calvin : a 

Study of an Important Epoch in the 
Early History of the Reformation. 
8vo. Cloth, price x6j. 

William Harvey. A History 
of the Discovery of the Circula- 
tion of the Blood. With a Portrait 
of Harvey, after Faithorne. Demy 
8vo. Cloth, price 14;. 
WILLOUGHBY (The Hon- 

Mrs.). 

On the North Wind — 
Thistledown. A Volume of Poems. 
Eleeantl:^ bound. Small crown 8vo. 
Cloui, price is. 6 d. 

WILSON (H. SchUts). 

Studies and Romances. 

Crown 8vo. Cloth, price is. 6 d. 
The Tower and Scaffold. 
A Miniature Monograph. Large 

fcaj). 8vo. Price if. 

WILSON (Lieut. -Col. C. T.). 

i ames the Second and the 
»uke of Berwick. Demy 8vo. 
Cloth, price 12J. 6 d. 

WINTERBOTHAM (Rev. R.), 
M.A., B.Sc. 

Sermons and Expositions. 

Crown 8vo. Cloth, price 7^. 6 d. 

WINTERFELD (A. Von). 

A Distinguished Man. A 

Humorous Romance. Translated by 
W. Laird -Clowes. 3 vols. Crown 
8vo. Cloth. 

Within Sound of the Sea. 

By the Author of “ Blue Roses," 
** Vera,’* &c. Third Edition. 2 vols. 
Crown 8vo. Cloth, gilt tops, ijrice i2j. 

Also a cheaper edition in one 
Vol. with frontispiece. Crown 8vo. 
Cloth, price 6 s. 

WOINOVITS (Capt. I.). 
Austrian Cavalry Exercise. 
Translated by Captain W. S. Cooke. 
Crown 8vo. Cloth, price is. 


. WOLL8TONBCRAFT (Mary). 
Letters to^^Imlay. With a 

Preparatory Memoir by C. Kegan 
Paul, and two Portraits in eau/orte 
by Anna Lea Merritt. Crown 8vo. 
Cloth, price 6 s. 

WOOD (C. F.). 

A Yachting Cruise in the 

South Seas. With Six Photo- 
graphic Illustrations. Demy 8vo. 
Cloth, price is. 6 d. 

WOODS (James Chapman). 

A Child of the People, 

and other poems. Small crown 8vo. 
Cloth, price sj. 

WRIGHT (Rev. David), M.A. 
Waiting for the Light, and 
other Sermons. Crown 8vo. Cloth, 
price 6r. 

WYLD(R. S ), F.R.S.E. 

The Physics and the Philo- 
sophy of the Senses ; or. The 
Mental and the Physical in their 
! Mutual Relation. Illustrated by 
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